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PREFACE 



This manual was written for men in the Navy and Naval 
Reserve who are studying for advancement to Draftsman 2. 
The qualifications for advancement are listed in appendix 
II. Because examinations for promotion are based on these 
qualifications, it is suggested that you refer to them as you 
read the text in order to fix in your mind those portions of 
the text which cover examination subjects. The study guide 
following this preface will help you select the chapters of the 
book which are applicable to your rating. 

A copy of the chart, "Approaches to Port Atlantis, H. O. 
Misc. 15,475-25-1," is distributed in a separate envelope with 
each copy of this manual. If you are a draftsman in the 
regular Navy or if your rating is a DMT or DML, study 
this chart carefully, referring to the discussions on map 
projections, the military grid, and map symbols in chapter 
13 of this book. This is the type of chart which you may be 
called on to draw, or to make overlays for, in case of a 
national emergency. 

This book was written with the assumption that the trainee 
will have read the basic Navy Training Courses, Mathemat- 
ics, Volume I, NavPers 10069-A, Mathematics, Volume II, 
NavPers 10070-A, and Electricity, NavPers 10622-B. In 
order to answer some of the questions posed in this book, you 
will have to read these courses. 

As one of the Navy Training Courses, this book was pre- 
pared by the U. S. Navy Training Publications Center, with 
the assistance of the U. S. Navy Hydrographic Office and 
the Bureau of Yards and Docks, for the Bureau of Naval 
Personnel. 
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STUDY GUIDE 



The table below indicates the chapters of this book you 
should study. To use it, select the column which applies to 
the rating for which you are striking. If you are in the 
regular Navy, use the column headed DM, which is the gen- 
eral service rating to which every chapter of this book applies. 
If you belong to the Reserve, use the column headed by your 
particular emergency service rating, either DMM (Mechani- 
cal Draftsman), DMS (Structural Draftsman), DME (Elec- 
trical Draftsman), DMT (Topographic Draftsman), DML 
(Lithographic Draftsman), or DMI (Illustrative Drafts- 
man). 

It is well for a man in any of the emergency service ratings 
to have an idea of the duties of the general service rating. 
Consequently, although a chapter may not apply to your par- 
ticular duties, it will do you no harm to read it. But you 
should make a close study of the designated chapters, be- 
cause they apply to qualifications which you must meet for 
advancement. These qualifications are listed in appendix II. 
The answers to the quizzes at the end of the chapters are 
given in appendix I. 
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CHAPTER 




HOW YOU FIT IN 
PURPOSE OF THIS BOOK 

Candidates for advancement in rate or rating are required 
to complete any applicable training courses. That means 
that in order to advance to Draftsman 2, all DM3's must 
complete this training course. This book is actually meant 
for two rates. It is a reference manual for the use of Drafts- 
man 2, and it is a course of study for the Draftsman 3 who 
wants to become a Draftsman 2. At any time after ad- 
vancement to Draftsman 3, a man may commence study on 
the course. 

If you are a DM3 in the regular Navy, study the entire 
book. In the peacetime Navy, training programs are geared 
to produce broadly qualified, versatile men, who in time of 
emergency can assume positions of responsibility and author- 
ity. As you are rotated in duty within and among naval 
activities, you should strive to acquire maximum variety in 
experience and training. 

If you are a draftsman in the Naval Reserve, you are in 
one of the emergency ratings. The study guide in the front 
of this book is designed for your use. In time of emergency, 
you will be required to perform the duties of your specialty. 
However, although you may study only the chapters in this 
manual which apply to your rating, you would do well to 
read the other chapters to get an overall picture of drafting 
in the Navy. 

The purpose of this book is to present the fundamentals 
of what you should know as a Draftsman 2, but this book 
contains only the fundamentals. No single book could cover 



all the ground, and regardless of how many books you read 
on the subject, nothing can substitute for actual experience. 
The skills you have developed came not from books but from 
actual manipulation of drafting tools and equipment. 

Books sometimes help one understand a tool or an opera- 
tion, and they organize knowledge and explain it. Unor- 
ganized knowledge may often be useful, but organized knowl- 
edge is clearly essential to success, no matter where you work. 
This book is meant to help you organize what you already 
know. In addition, it will tell you a few things you don't 
know. 

You must know your business. YouVe been told dozens 
of times that a petty officer is first of all a leader and sec- 
ondly a specialist. The two are not divorced; you are a 
leader in your specialty, too, or you wouldn't be where you 
are. You are responsible for attaining a high degree of 
proficiency in all the general qualifications of petty officers 
as well as in all the qualifications of a draftsman of your 
rate. 

As a petty officer, you have certain military duties, and,, 
as a specialist, certain technical duties. This book is not 
concerned with the former. Your military duties are ex- 
plained, to some extent, in the General Training Course for 
Petty Officers, NavPers 10055. Wherever your duties are 
discussed in following chapters, the reference is to your 
specialist duties. 

REQUIREMENTS OF THE JOB 

Since the type of activity to which you may be assigned 
cannot be foreseen, this book does not go deeply into detail 
about the requirements of any specific assignment. Instead, 
it deals in a general way with your duties in various assign- 
ments. You may already have been assigned to more than 
one of the draftsman billets. Your type of duty will depend 
to a certain extent upon whether you are assigned to a ship 
or to a shore based activity. 
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Mechanical Drafting 

Mechanical drafting covers a wide field. As a mechanical 
draftsman, you may be assigned to a repair ship or a con- 
struction battalion. You may make drawings of machines, 
of heating and ventilating or piping systems, or you may be 
required to draw repair parts for airplanes or ships. You 
should know how to draw isometric, oblique, and cabinet 
drawings, as well as drawings using third-angle orthographic 
projection. As a second class man, you must be prepared 
to make assembly drawings, as well as detail drawings. 

You should know how to develop surfaces, working either 
on the actual material or on paper, and you must be able to 
make accurate working drawings. You should know how to 
dimension drawings, and understand how to indicate tol- 
erance and surface roughness. You should know enough 
about machining processes to understand the terminology 
used on machine drawings. You should know enough about 
airplane structure and materials to understand the language 
involved. And you should be able to make takeoffs and 
bills of material from drawings. 

Structural Drafting 

As a structural draftsman, you will be required to make 
architectural layouts and structural drawings for light wood 
frame, heavy timber, and steel structures, including founda- 
tion and footings. You should know the properties of the 
common structural materials and their common uses and be 
able to make takeoffs, draw up bills of material, and assist in 
preparing specifications. You should also know the methods 
used in surveying for construction work and the types of 
drawings which may be required. 

Electrical Drafting 

As an electrical draftsman, you should be able to draw 
both schematics and wiring diagrams; understand how elec- 
tricity and electromagnetism work; and know the parts of 
the common electrical machines and devices and the prin- 
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ciples on which they operate. You should also be able to 
draw electrical layouts for structures and make takeoffs of 
electrical materials and equipment. 

Topographic Drafting 

As a topographic draftsman, you will be expected to under- 
stand the characteristics and uses of the Mercator projection 
and of the military grid. You should be able to delineate 
topographic and hydrographic features. You must know 
the coordinates of the earth, the distances on a sphere, and 
the position of the poles, the equator, and the Greenwich 
meridian. You must know how to scale geographic features 
and the distinction between graphic and numerical or natural 
scales. 

You should also know elementary surveying procedures, 
and surveying terms and instruments. You should know 
how to reduce surveying notes to a form suitable for draft- 
ing and how to interpolate contours. You should know how 
to make topographic drawings, including profiles and cross 
sections from notes. You must know how to use tide and 
current tables and how to determine local magnetic change 
and annual change from the World Variation Charts. 

Lithographic Drafting 

As a lithographic draftsman, you should be able to pre- 
pare tint plates and to make drafting changes on lithographic 
plates, using the proper materials and procedures for etching 
and counter-etching. You must know how to draw topo- 
graphic and hydrographic symbols and how to match va- 
rious styles of lettering, including gothic, roman, and italic. 
You should also be able to retouch negatives using litho- 
graphic needles and other materials. 

Illustrative Drafting 

As an illustrative draftsman, you should be able to do 
layouts for publications and posters. You should know 
something about type faces, how to choose them, and how 
to mark and key copy for the printer. You should know 
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how to letter in gothic, roman, italic, Old English, and 
script. 

You should be able to plan and render finished illustra- 
tions. And in order to do this, you should understand the 
principles of perspective, know how to indicate form by 
shading, and be able to draw the human figure in proportion 
and in lifelike positions. 

You should also know how to mix colors, how to create 
pleasing color schemes, and how printing processes limit 
the use of color. 

ADVANCEMENT IN RATING 

The requirements for advancement in rating are spelled 
out in the Manual of Qualifications for Advancement in 
Rating and in various BuPers instructions. The following 
is a brief summary of the requirements for advancement to 
Draftsman 2. 

1. You must have been a Draftsman 3 for 12 months. 

2. You must have met certain requirements as to marks 
in proficiency in rate and in conduct. 

3. You must have completed satisfactorily the Navy train- 
ing course for Draftsman 2. 

4. You must have qualified fully in the practical factors 
for the rate of Draftsman 2. 

5. You must have been considered by senior petty officers 
and officers as capable of performing the duties of the 
higher rate and have been recommended by your com- 
manding officer. 

6. You must have passed an examination on the military 
requirements for the E-5 pay grade and the professional 
qualifications for the rate of Draftsman 2 as prescribed 
in the Manual of Qualifications for Advancement in 
Bating, NavPers 10068. 

This may sound like a long obstacle course when you start 
out, but taking each thing in turn, you will find that it can be 
done without too great a push. There will always be plenty 
to learn about drafting. No good draftsman ever stops 
learning. Learning about methods and materials already in 



5 



existence and keeping up with new ones require a high degree 
of concentrated effort. 

Study all available publications dealing with the type of 
work you are assigned to do. Related publications are listed 
in the various chapters. Discussions of the military stand- 
ards on drafting and on the use of engineering handbooks 
and similar reference books follow. 

DRAFTING STANDARDS 

Military standards for engineering drawings and for illus- 
trations for technical manuals are published with JAN- 
STD or MIL-STD publication numbers. If you have not 
already obtained these or if your copies are out of date, make 
every effort to obtain recent copies. The following table 
gives the number, title, and date of the current publications 
dealing with drafting standards : 



Number TUlt DoU 

JAN-STD-l General drawing practice 13 May 48 

MIL-STD-2A Drawing sizes 22 Aug 49 

MIL-STD-3A Format for production drawings.. 26 Sep 52 

MIL-STD-4A Format for construction drawings. 4 Sep 52 

MIL-STD-8A Dimensioning and tolerancing 5 Jun 53 

MIL-STD-10 Surface roughness, waviness, and 2 Aug 49 

lay. 

MIL-STD-12A Abbreviations for use on drawings. 11 Mar 52 

JAN-STD-14 Architectural symbols 23 May 49 

MIL-STD-15A Electrical and electronic symbols. 1 Apr 54 

MIL-STD-16A Electrical and electronic reference 18 Apr 52 

designations. 

MIL-STD-17 Mechanical symbols 6 Jul 50 

MIL-STD-18A Structural symbols 12 Aug 53 

JAN-STD-19 Welding symbols.. _ 13 Nov 47 

MIL-STD-20 Welding terms and definitions 14 Dec 49 

MIL-STD-23A Nondestructive testing symbols. _ 25 Aug 52 

MIL-STD-24 Revision of drawings 9 Mar 51 

MIL^STD-103 Abbreviations (for electrical and 18 May 53 

electronic use). 

MIL-STD-106 Mathematical symbols 16 Aug 51 

MIL-STD-218-2 Technical manuals, part 2— pro- 25 Jan 54 

duct ion or procurement of art- 
work for technical manuals. 
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HANDBOOKS AND CATALOGS 



Besides the military standards, you should have access 
to at least one good engineering handbook and know how to 
use it. Handbooks contain little more than a collection of 
formulas and tables with some illustrations and brief ex- 
planations — information which you could not remember in 
detail and which, in many cases, would be Very tedious to 
compute. 

A good understanding of the proper use of handbooks can 
go far toward making you a successful draftsman. Hand- 
books are prepared with the assumption that the user is 
already familiar with the principles connected with the 
given information contained in them. They are to be used 
as reference books, not for instruction. Rather than trying 
to collect a large number of handbooks, concentrate on learn- 
ing well the use of the few that seem to fit your needs best. 

In a project in mechanical, electrical, or structural design, 
the detail draftsman is often called upon to select certain 
standard items, such as bolts, bearings, rivets, keys, gears, 
couplings, pulleys, hinges, or locks. Usually the best source 
of information concerning such items is the catalog 
description. 

Most of the material and articles with which you work 
will be supplied by the Navy and will be found in the Cata- 
log of Navy Material or the Navy Stock List which con- 
stitutes part of the Federal Supply Catalog. These catalogs 
or stock lists identify all items of general supply carried in 
stock for issue to ships and stations. In addition to the 
lists describing general stores, special materials sections or 
lists have been prepared by each technical bureau of the 
Navy. These lists provide information concerning equip- 
ment and related repair parts which are not ordinarily used 
by other activities and bureaus. For instruction on the use 
of these lists or catalogs, you may consult the respective fore- 
words. A discussion of their use may also be found in 
Storekeeper 3 and 2, NavPers 10269-B. 

A neatly filed collection of the catalogs furnished by the 
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manufacturers of commonly used equipment is very useful. 
The catalogs of many manufacturers list data and include 
illustrations especially prepared for the use of detail 
draftsmen. 

An Index of Specifications and Standards, Used by De- 
partment of the Navy, Military Index, Volume III, is issued 
twice a year on 1 April and 1 October, and cumulative 
monthly supplements are issued during the intervening 
months. These contain listings either by number or by title 
of Federal, Military, Navy Department, and Air Force-Navy 
Aeronautical Specifications, as well as Federal Standards. 

QUIZ 

1. How long must you have been a Draftsman 3 to be advanced to the 
Draftsman 2 rate? 

2. What training course must you complete? 

3. On what is the servicewide examination for advancement to the 
Draftsman 2 rate based? 

4. What do engineering handbooks contain that will be of value 
to you? 

5. Where are the Navy items of general supply listed? 

6. Where can you find listings of Federal, Military, Navy Depart- 
ment, and Air Force-Navy Aeronautical Specifications, as well as 
Federal Standards? 
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CHAPTER 




INSTRUMENTS AND EQUIPMENT 



TOOLS FOR THE JOB 

The common drawing instruments and equipment are de- 
scribed in Draftsman 3, NavPers 10471. You will do well 
to review chapters 2, 3, and 7 in that manual. In this chap- 
ter, more attention will be given to the selection and care of 
drafting instruments and equipment. 

By this time, you will have learned from experience how 
important it is for you to work with good instruments and 
materials. If a man is a poor draftsman, the best instru- 
ments in the world will not make him a good draftsman. 
On the other hand, a good, competent man will do better 
work if he is furnished good instruments and materials, and 
since he knows the importance of good equipment, such a 
competent man will make every effort to keep it in good 
condition. 

As a Navy draftsman, you are not expected to buy your 
own instruments. These are furnished by the Navy. If you 
have professional pride, you will care for them as you would 
your own. However, when an instrument is defective or 
worn beyond repair, do not hesitate to ask that it be replaced. 
Remember that the quality of your work is of first 
importance. 

CASE INSTRUMENTS 

Your instruments may be issued to you one by one or as 
a set in a case. If possible, it is best to keep them in a case, 
since the case protects them from falls or unnecessary pres- 
sures. Then, too, the lining of the case is usually treated 
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with a chemical which helps prevent the instruments from 
tarnishing or corroding. 

To protect instruments from rusting when they are not in 
use, clean them frequently with a soft cloth and apply a 
light film of oil to their surface with a rag. Joints on com- 
passes and dividers should not be oiled. A knife edge or an 
abrasive should never be used to clean instruments, since, 
when the surface finish is worn or scarred, they are more 
subject to corrosion. 

It is sometimes difficult to judge the quality of drafting 
instruments by appearance alone. Often their character- 
istics become evident only after they are used. Usually, 
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Courtesy Keuffel & Biter Co. 
Figure 2—1 . — Shapes of compasses and dividers. A. Round. B. Flat. C. 

■•vol. 



cheap quality instruments have a mass-production appear- 
ance, with little machine finishing and with designs that per- 
mit rapid assembly. On the other hand, high quality 
instruments are usually correctly sharpened, adjusted, and 
packaged in a good quality case when they come from the 
manufacturer. Some instruments, although accurately made 
and capable of fine adjustment, are lacking in rigidity. For 
this reason, the simple, sturdy instruments are often most 
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practical. Before you select instruments, look for the brand 
name and try to learn something about the reputation it 
has with experienced draftsmen. 

Compasses and Dividers 

Figure 2-1 shows the three common shapes in which com- 
passes and dividers are made. They may be purchased in 




Figure 2—3 The tongue joint. 

11 



either the round, the flat, or the bevel shapes. When you 
select compasses and dividers, test them for alignment by 
bending the joints and bringing the points together, as shown 
in figure 2-2. 




B 

Courtesy Keuffel & Esser Co. 
Figure 2—4. — Sections of pivot joints. 

12 



Older compasses and some cheap modern ones have a 
tongue joint. (See fig. 2-3.) Because there is no way to 
tighten this type of joint after it becomes worn, modern 
pivot joints are more satisfactory. Figure 2-4 shows types 
of pivot joints found on compasses and dividers. 

Dividers should be adjusted so that they may be set with- 
out undue friction. They should not be so rigid that their 
manipulation is difficult, nor so loose that they will not re- 
tain their setting. Hairspring dividers are set for the cor- 
rect friction by skilled instrument makers, and it is in- 
advisable to attempt adjustments in the drafting room, since 
a special wrench is needed which is ordinarily not available. 

Divider points should be straight and free from burrs. 
When the dividers are not in use, the points may be pro- 
tected by sticking them into a small piece of soft rubber 
eraser or cork. When points have become dull or uneven 
in length, make them even by holding the dividers vertically, 
placing the legs together, and grinding them lightly back 
and forth against an oilstone. (See fig. 2-5 A.) Then hold 
the dividers horizontally and sharpen each point by whetting 
the outside of it back and forth on the stone, while rolling 
it from side to side with your fingers. (See fig. 2-5B.) The 
inside of the leg should remain flat and should not be 
ground on the stone. Neither should any part of the out- 
side of the point be ground so that a flat surface results. 
In shaping the point, be careful to avoid shortening the leg. 

Needles on bow instruments and compasses should be kept 
sharpened to a fine taper. When they are pushed into the 
drawing, they should leave a small, round hole in the paper 
no larger than a fine line. Since the same center is often 
used for both the bow pen and the compass, it is best that 
needles on both be the same size. If the compass needle is 
noticeably larger, either use it without pushing it into the 
paper or grind it until it is the correct size. With some 
instrument sets, a special disk is provided for use when a 
hole in the paper at the center of a circle or arc is especially 
undesirable. This disk may be composed of plastic and 
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metal or of bone, and it has three sharp points around its 
outside diameter which, when they are pushed into the paper, 
hold the disk in position. 
To make a compass needle smaller, wet one edge of the 




Figure 2—5. — A. Making divider legs even. B. Sharpening 

divider points. 



oilstone and place the needle with its shoulder against this 
edge. Then grind it against the oilstone, twirling it between 
your thumb and forefinger. (See fig. 2-6.) Test it for size 
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by inserting it in a hole made by another needle of the correct 
size. When it is pushed as far as the shoulder, it should i 
enlarge the hole. 

SHANK OF NEEDLE 
EXAGGERATED 




Figure 2-6. — Shaping a compass needle. 



Sharpening the Ruling Pen 

High quality is especially desirable in a ruling pen. If 
the nibs are of low quality steel, it will be more difficult to 
keep them sharp. A good pen will usually be sharp when 
it comes from the manufacturer, but a cheap pen may need 
sharpening before it is used. 

When you start having difficulty drawing fine lines or 
getting the ink to flow from your pen, check it for signs of 
wear. Hold the nibs toward you in a good light, and if 
they are worn, you will see a bright spot on the tip of each 
nib which is not present on a sharp pen. This spot indicates 
a flat surface that has been formed by wear. (See fig. 2-7 A. ) 

A ruling pen that has become dull may be sharpened on a 
fine oilstone if extreme care is used. To restore the nibs to 
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their original parabolic shape, hold the pen in a vertical 
plane and bring the blades into light contact with the stone. 
Then whet the pen back and forth through an angle of about 




Figure 2—7. — Ruling pen nibs. A. Worn point. B. Correctly 
thoped point. C. Too pointed. D. Too blunt. E. Convexed 
Inner surface. 



120 degrees- (See fig. 2-8.) To sharpen each nib of the 
pen, hold the outside surface nearly flat on the surface of 
the oilstone and whet with a rotary motion to conform to 
the shape of the nib. (See fig. 2-9.) 

Take care not to alter the parabolic shape of the ends. 
The edges should not be too sharp or they will cut the paper 
when the pen is used. Any burr should be removed from 
the inside of the blades with a piece of leather or emery 
paper. The inside surface should never be stoned, since 
stoning may give it a slight convexity, which is very 
undesirable. 
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There is another method of sharpening ruling pens which 
requires less skill. Place a fine grain emery paper on a base 
of sponge rubber or a towel folded several times. Shape 
the ruling pen on the emery surface just as you would shape it 




Copyrighted by International Textbook Co. 
Figure 2-8. — Shaping the ruling pen. 




Courtesy Eugene Dietzgen Co. 
Figure 2-9. — Sharpening the ruling pen. 
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on an oilstone. Then open the nibs and place the back of 
each one in turn at an acute angle in full contact with the 
surface of the emery paper. (See Hg. 2-10.) Draw the 
pen repeatedly over the surface of the emery paper, al- 
ways in a direction toward the handle of the pen and with 
sufficient downward pressure so that the paper becomes de- 




Figure 2—10. — Sharpening the nibs of a ruling pen on ornery paper. 



pressed into a channel fitting the contour of the nibs. Hold 
the pen firmly and prevent it from turning, so that the edges 
of the nibs are in equal contact with the paper. When the 
nibs are sharp enough, grind the inside surface lightly with 
the emery paper to remove any burrs that may have formed. 

SPECIAL INSTRUMENTS 

There are a number of drafting instruments which are not 
always reqi : red but which are very useful, and at times 
indispensable, for certain types of work. Some of these are 
used in only one of the fields represented by the emergency 
service ratings, such as topographic drafting, and these are 
discussed in later chapters in relation to the work for which 
they are used. Others are used in several fields, and since 
a general knowledge of these are of value to every draftsman, 
their selection, use, and care are discussed in this section. 

Drafting Machines 

The drafting machine combines the functions of a parallel 
ruler, simple protractor, and scale. Any drafting operation 
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requiring straight parallel lines may be performed advan- 
tageously with a drafting machine. Since these machines 
are expensive, they are not used except where work is con- 
stant and speed highly important. 

The majority of drafting machines are constructed so that 
a protractor head may be moved over the surface of a draft- 
ing table without change in orientation by means of a parallel 




Courtesy Eugene Dietzgen Co. 
Figure 2—1 1 . — Drafting machine with rigid arms. 

motion linkage consisting of two sets of double bars. The 
type illustrated in figure 2-11 has rigid metal connecting 
links or arms, called pin-joint linkage. On the better 
quality machines of this type, the bearings will have a means 
of taking up wear. 

However, the type of drafting machine shown in figure 
2-12, in which the linkage is provided by two steel bands 
working against one another, is superior to that with pin- 
joint linkage, because there is less lost motion. The machine 
in figure 2-12 has steel bands enclosed in tubes, although this 
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Courtesy Universal Drafting Machine Co. 
Figure 2—12. — Drafting machine with enclosed steel bands. 



type may also have the bands without the tubes. If these 
bands become loose through wear or expansion, the tension 
may be increased on them, although this is seldom necessary. 

The protractor head is a complete circle, graduated in de- 
grees, to which a straightedge or scale may be clamped at 
any desired angle. If desired, two scales may be attached to 
the head at right angles to each other. The method of at- 
taching these scales has been fairly well standardized so that 
a wide variety of scales can be attached or removed as de- 
sired. Tapered, dovetailed fittings, with the female part on 
the control head and the male part on the rule, connect the 
scales to the drafting machine. (See fig. 2-13.) To re- 
move a scale, a key is used which fits over the head of the 
adjusting screw. The key, by cam action, pushes the dove- 
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tailed fittings far enough apart so that the scale can be 
removed by hand. To insert a scale, carefully slide the dove- 
tails into place and tighten them by tapping lightly with the 
palm of your hand. 




*\ I I I 1 I 

Courtesy Cooper Trent 
Figure 2-13. — Fittings for attaching the scale to the drafting 

machine. 



One of the screws holding the fittings to the scale passes 
through an elongated slot, which allows for some angular 
adjustment of the scale. This adjustment is for truing the 
two scales with each other. To adjust them, draw a line by 
the horizontal scale. Swing the scales 90° clockwise. The 
scale that had been vertical should now be horizontal and 
should fit exactly by the line just drawn. If it does not, 
loosen its adjustment screw, set it right, and then tighten 
the screw. You will then have the two scales set at a 90° 
angle to each other. 

Correct alignment of the scales with the board is usually 
accomplished by some adjustment in the control head or 
linkage of the machine. Any major repairs or adjustments 
on a drafting machine should be done by an instrument re- 
pair man and not attempted in the drafting room. 
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Courtesy Emmert Manufacturing Co. 
Figure 2—14. — Roller-type drafting machine. 

Figure 2-14 shows a type of drafting machine in which 
the scales are moved horizontally or vertically by means of 
rollers on tracks. This type of machine has special advan- 
tages when it is used on extra large drawing boards. Angu- 
lar adjustments can be made to within 1 minute on some of 
these machines. 

Proportional Dividers 

Proportional dividers are convenient for transferring 
measurements from one scale to another when drawings are 
to be made to a larger or smaller scale. (See fig. 2-15.) 
They can also be used to divide lines or circles into equal 
parte or to get some special ratio such as 1 : \/2 or feet to 
meters. 

They consist of two legs of equal length, pointed at each 
end and held together by a movable pivot. By varying the 
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position of the pivot, the lengths of the legs on opposite sides 
of the pivot may be adjusted so that the ratio between them is 
equal to the ratio between two scales. Therefore, a distance 
spanned by the points of one set of legs has the same relation 




Courtesy Keujfel d Esaer Co. 
Figure 2—1 5.— Proportional dividers. 



to the distance spanned by the points of the other set as one 
scale has to the other. 

A thumb nut moves the pivot in a rack-and-gear arrange- 
ment. When the desired setting is reached, a thumb-nut 
clamp on the opposite side of the instrument locks the pivot 
in place. A scale and vernier are provided on one leg to 
facilitate accurate setting. The dividers may be set by 
reference to the table of settings which is furnished with each 
pair; they will accommodate varying ranges of scales up to 
1 to 1 1.5. However, it is better not to depend entirely on the 
table of settings. You can check the adjustment by drawing 
lines representing the desired proportionate lengths and then 
applying the points of the instrument to them in turn, until 
by trial and error the correct adjustment is reached. 

To divide a line into equal parts, set the dividers to a ratio 
of 1 to the number of parts desired. For instance, to divide 
a line into 3 parte, set at 3 on the scale. To use the dividers 
to transfer measurements from feet to meters, draw a line 1 
unit long and another line 3.28 units long and set the dividers 
accordingly. To get the ratio of 1 : draw r an isosceles 
right triangle and set the dividers to a ratio of the length of 
the hypotenuse to the length of either of the equal legs. 
Some proportional dividers have an extra scale for use in 
getting circular proportions. 
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The points of the dividers are of hardened steel, and if 
they are handled carefully these points will retain their 
sharpness during long use. If they are damaged, they may 
be sharpened and adjusted without affecting the accuracy of 
the instrument, but the table of settings will no longer be 
exact. 




Figure 2—16. — Spacing dividers. 



Spacing Dividers 

Spacing dividers are constructed with multiple legs ar- 
ranged so that they subdivide the total distance spanned into 
a number of equal parts. (See fig. 2-16.) The size most 
frequently used is about 6 inches long and contains 11 points 
numbered consecutively from 0 to 10. With these dividers, 
distances up to 9 inches in length may be divided into 10 
equal intervals. 

Spacing dividers should not be handled roughly, and par- 
ticular care must be taken to ensure that the points are not 
injured or bent. If the pivot becomes too loose or too tight, 
the instrument should not be used. 

OTHER EQUIPMENT 

The items discussed in this section are in general use, and 
you may have learned as much or more than is stated here 
concerning them. The descriptions and suggestions, there- 
fore, are included here for those who have not had the 
opportunity to pick up these facts in practice. 

Slide Rule 

The standard type of slide rule is made of mahogany, or 
some other hard, moisture-resistant wood, which has been 
carefully selected, cured, and treated so that it will be 
affected as little as possible by atmospheric changes and 
moisture. The surface is usually white celluloid about y 32 
of an inch thick. The numbers and graduations are usually 
printed in black ink. Occasionally one scale is printed in 
red to distinguish it from another. In the last few years, 
metal slide rules have also become popular. 

In order to function well, the two slides of the rule and 
the indicator should all move smoothly and in correct rela- 
tion to other parts. Slide rules may become too loose or too 
tight because of wear, absorption of moisture, or the drying 
of the wood. Therefore, practically all of the better-grade 
slide rules have some means of adjusting the slides and the 
indicator. In figure 2-17, two types of slides are illustrated 
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in cross section, showing the adjustment screws. If it is 
necessary to adjust either of these rules, first loosen the 
screws ; then shift the guide piece toward or away from the 
slide until it is tightened or loosened to produce the desired 
friction. Then tighten the screws again. 

When a slide rule is correctly adjusted, the right and left 
indexes on all scales, and on both sides if it is a two-sided 
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Courteiy Keuffel d Eager Co. 
Figure 2—1 7.— Crots sections of two type* of slid* niUi. 



rule, should line up. The slide should move freely at any 
position, but it should also have sufficient friction to remain 
in place after it is set. In selecting a slide rule, check the 
indexes and the movement, and then set the hairline on the 
indicator to varying proportions or square roots, such as 2 
on the D scale with 4 on the A scale. 



Templates 

You can save a great deal of time on jobs on which the 
same shape or symbol is to appear a number of times by using 
templates. Most of the templates on the market are made of 
transparent plastic and offer a wide variety of shapes, in- 
cluding ellipses, hyperbolas, circles, hexagons, and arcs. 
There are special templates for symbols and shapes used in 
drawings of electrical and chemical apparatus, bolt heads 
and nuts, architectural drawings, and decorative designs. 
(See figs. 2-18, 2-19, and 2-20.) If the shape you need is not 
available, it may be worth your while to take time to make 
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Courtesy Eugene Dietzgen Co. 
Figure 2-18. — Ellipse template. 




Courtesy Eugene Dietzgen Co. 
Figure 2-19. — A. Engineer's triangle. B. Design triangle. 
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your own template from cardboard, plastic, lead, or some 
other sheet metal. 

Drawing Board Covers 

It is common practice to cover drawing boards, especially 
the larger and more expensive ones, to ensure cleanliness and 
to protect them against nicks and scars. A desirable draw- 
ing board cover is made of some material that will lie flat 
with a minimum of puckers. It should have enough body 
to provide protection ; it should not be too hard or too soft ; 
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Courtesy Eugene Dietzgen Co. 
Figure 2-20. — Electrical symbol template. 

and it should be strong enough to withstand several clean- 
ings before being renewed. If it is too hard, the compass 
needle point will not penetrate it, and the compass will not 
hold its position. If it is too soft, it will become grooved and 
scarred quickly. Manila paper is commonly used to cover 
drawing boards. There are, however, papers now on the 
Market with a high gloss waterproof finish on one side 
which will withstand many cleanings. Also some grades 
of linoleum have been found satisfactory. 

QUIZ 

1. Why is it best to keep your instruments in a case? 

2. Why is a pivot joint preferable to a tongue joint on a compass or 
divider? 

3. How are compasses and dividers tested for alignment? 

4. What is usually the first indication that a ruling pen is worn and 
needs sharpening? 
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5. What is used for sharpening the pen? 

6. How is the pen shaped? 

7. How are the nibs sharpened? 

8. Why should you not stone the inside surface of the nibs? 

9. How are proportional dividers set to a ratio? 
10. Why are drawing board covers used? 
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CHAPTER 



PICTORIAL DRAWINGS 

MULTI-VIEW VERSUS PICTORIAL DRAWINGS 

Multi-view orthographic projection is used to describe ac- 
curately objects which are to be constructed or produced. 
However, in order to visualize an object drawn by this 
method, a man must have a trained imagination. Pictorial 
drawing may be used instead of orthographic projection 
when those who are to use the drawing do not have the re- 
quired training needed to read orthographic projection, or 
when it is desirable that the entire object be shown in a 
single view. In the Navy, piping diagrams, electrical wir- 
ing diagrams, and assembly drawings are often made as pic- 
torial drawings. 

The most truly pictorial method is perspective drawing. 
By this method, objects are made to appear proportionately 
smaller with distance just as they do when you look at them. 
(See fig. 3-1.) However, perspective drawings are difficult 
to make and, since lines on perspective drawings are not 
drawn in proportion to the edges represented, a perspective 
drawing cannot be used when an object is to be constructed. 
It is of value chiefly for illustrative purposes. 

The following three methods of pictorial drawing are used 
in mechanical, structural, and electrical drafting : 

Isometric drawing. — In an isometric drawing, the object 
is drawn as if it were at an angle to the picture plane, but 
the isometric lines are drawn in true proportion to the equiv- 
alent lines on the object. The view of the object is con- 
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Figure 3—1. — Perspective drawing. 



structed around three axes which are 120° apart. (See Hg. 
3-2.) 

Oblique drawing. — In an oblique drawing, the front face 
of the object is shown in its true size and shape as if it were 
an orthographic view, and the receding lines of the other two 
faces shown are usually drawn at an angle of 30°, 45°, or 60° 
with the horizontal. These receding lines may be drawn to 
the same scales as the lines of the front face or to a smaller 
scale. (See fig. 3-3.) 

Cabinet drawing. — In a cabinet drawing, the front view 
is show ? n in its true size and shape, but the receding lines are 
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drawn to y 2 the scale of the front view. A cabinet drawing 
is actually an oblique drawing which has been given a special 
name because it is often used for drawings of cabinet work, 
(See fig. 3-4.) 




Figure 3— 2.— Uo w oli lc drawing. 




30° 45° 60° 

Figure 3—3. — Oblique views of a brick. 



32 



Isometric, oblique, and cabinet drawings which have long 
receding lines will appear as if these lines are diverging. In 
other words, the far end of the object will look larger than 
the front end. This is because the eye has been trained to the 




Fiowr* 3—4. — A cabinet drawing of a cwb*. 



natural law of perspective in which receding lines converge 
or draw together. This illusion of divergence can be partly 
overcome by drawing the receding lines to a shorter scale, as 
is done in cabinet drawing. 

ISOMETRIC DRAWINGS 

Theoretically, isometric projection may be derived from 
orthographic projection with the object revolved so that 
three faces show on a single plane and with all edges equally 
foreshortened. The term isometric means equal measure. In 
practice, it is simpler to make isometric drawings than iso- 
metric projections. On isometric drawings all measurements 
are made to full scale rather than to the foreshortened iso- 
metric scale. ( See fig. 3-5. ) 

With both the projection and the drawing, the same terms 
for elements are used. The edges of the object which are 
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shown as 120° apart are called the isometric axes, and the 
three faces shown are called the isometric planes. A line 
parallel to one of the isometric axes is called an isometric 
line, and a line which is not parallel to any of the isometric 
axes is called a non-isometric line. All isometric lines are 
drawn to scale, while non-isometric lines are not. 




STANDARD SCALE 
C 

Courtesy Delmar Publishers Inc. 
Figure 3-5. — A. Isometric projection. B. Isomeric drawing. C. 
Itomerric scaU derived from full scale. 
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Before you start an isometric drawing, it may help you to 
make a rough sketch of the object to determine which surfaces 
should be shown, as well as the best position for the isometric 
axes. Figure 3-6 shows the four isometric positions. Those 
shown at C and D are best for objects with long lines, since 




B D 

Courtesy Delmar Publisherg Inc. 
Figure 3—6. — Four positions for tho isomotric axos. 



when the long axis is parallel to the picture plane the un- 
pleasant effects of divergence are avoided. 

When an isometric drawing is to be made, first visualize 
the object as enclosed in a box. You can draw the edges of 
the box on the orthographic views of the object. Make the 
measurements for the length, width, and height of the box 
on the three isometric axes, as shown in figure 3-7 A. Then 
draw the object inside the box, making all measurements on 
isometric lines, that is, lines parallel to the three isometric 
axes. Invisible edges are usually omitted. 
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Figure 3-7. — St«p» in making an isomatric drawing of an object. 



Now suppose you have an object on which some of the 
edges will not be parallel on the drawing to any of the iso- 
metric axes. These edges will be drawn as non-isometric 
lines. Such lines are not shown in their proportionate 
lengths, which means that their measurements cannot be 
transferred directly from an object or an orthographic view 
to an isometric drawing. The letter V in figure 3-8, for 
example, contains four of these non-isometric lines. In order 
to draw the V, first enclose it in a box. Then locate the 
end points of the non-isometric lines on isometric lines and 
connect these end points with lines, as shown in figure 3-8. 

When the end points of non-isometric lines do not fall on 
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isometric lines or planes, they may be located by the co- 
ordinate construction method. First, enclose the ortho- 
graphic views of the object in a box. Then project the ends 
of the sloping lines to one side of this box, as shown in figure 
3-9. Next draw horizontal and vertical lines to the edges 




Figure 3—6.— Drawing non-l»ometrLc lines by locating the and 

points. 



of the box, as shown in figure 3-9. Finally, draw the box 
with these co-ordinate lines in the isometric. Since the co- 
ordinate lines are isometric lines, their measurements can be 
transferred to the isometric view. 




Courtety Delmar Publiahert, Inc. 
Figure 3-9. — Coordinate construction method of drawing 
non-Isometric linos. 
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When an object contains curved lines, co-ordinate lines 
may be used to plot these curves. (See fig. 3-10.) Draw 
lines from selected points along the curve in the ortho- 
graphic view to the line representing the side of the box. 
Then transfer the measurements to the isometric drawing. 




Figure 3-10.— Drawing curved lint* in isomeric. 



Isometric circles may be plotted by the co-ordinate method, 
or they may be drawn as ellipses since a circle appears in the 
isometric as an ellipse. The four-center method is generally 
used to draw ellipses in isometric drawings. First, enclose 
the circle in the orthographic view in a square. Draw the 
square as a parallelogram in the isometric. Then draw two 
lines from the vertex of each of the obtuse angles as shown 
in figure 3-11 A. The two lines form an angle of 60°. Each 
is 30° from a side of the parallelogram, and each bisects and 
is perpendicular to a side of the parallelogram. Use the in- 
tersections of these perpendiculars as centers from which to 
draw with a compass the small arcs forming the ends of the 
ellipse. Use the vertex of the obtuse angles as centers from 
which to draw the large arcs forming the sides of the el- 
lipse. 

Arcs, since they are parts of circles, are drawn in isometric 
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Courtegy Delmar Publishers, Inc. 
Figura 3-1 1 . — Drawing an ellipse wtlh the four-eenter method. 
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Courtesy Delmar Publishers, Inc. 
Figure 3-1 2. — Drawing arcs in isometric. 



349655 O— 56 4 



39 



as circles are drawn. Complete the arc in the orthographic 
view as a circle. Enclose the circle in a square. Then draw 
the square in isometric and locate the centers as previously 
described. Often it is necessary to locate only one center in 
order to draw the arc. (See fig. 3-12.) 

Isometric Sectional Views 

Sometimes, in order to show the inner structure of an 
object, an isometric sectional view must be drawn. The cut- 
ting plane for an isometric section should always be an 
isometric plane or a plane parallel to an isometric plane so 




C D 

Figure 3-13. — Steps in drawing an isometric sectional view. 
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that the measurements may be shown. When you draw an 
isometric section, draw the section in contact \\ it h t he cutting 
plane before you draw the details behind the rutting plane. 
(See fig. 8-13.) 




Figure 3—14. — Section lining in isometric views. 



Section lining should be drawn at an angle of 60° to the 
horizontal in either direction in isometric sectional views. 
Where two parts touch each other, both of which are section 
lined, the lines of one part should be drawn inclined to the 
right and those of the other inclined to the left. (See 
fig. 3-14.) 

Dimensioning Isometric Drawings 

When you dimension isometric drawings, follow these 
rules : 

1. Dimension visible surfaces. 
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2. Draw extension and dimension lines in the same iso- 
metric plane with the surfaces containing the dimen- 
sions or in an isometric plane perpendicular to these 
surfaces. 

3. Draw dimension figures and letters in isometric. 
(Figures and letters in notes need not be drawn in 
isometric.) 

4. Draw dimension lines and figures outside the outline of 
the object wherever possible. 

5. Dimension holes with a note in which the size of the 
hole and the machining operation are stated. 




A B 

Courtesy D elm or Publishers, Inc. 

Figure 3—1 5.— -A. Isometric drawing dimensioned correctly* B. Some drawing 

dimensioned incorrectly. 

The correct application of the rules is shown in the iso- 
metric drawing in figure 3-15 A. Figure 3-1 5B shows 
incorrect dimensioning on an isometric drawing. Notice 
how cluttered the incorrect dimensioning appears. 

OBLIQUE DRAWINGS 

In oblique drawings, the front face of the object is drawn 
as if it were an orthographic view. It is parallel to the 
viewing plane and undistorted. A comparison of an oblique 
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projection and an orthographic projection of a cube is shown 
in figure 3-16. 

An oblique drawing like an isometric drawing has three 
axes. One is always parallel to the horizontal ; one is always 






B 



Figure 3—16. — A. Orthographic view of the front of an object. 
B. Oblique view of the object. 



perpendicular to the horizontal ; and the other is at any angle 
other than 90° to the horizontal. Figure 3-17 shows some 
of the various angles possible. 

When an oblique drawing is made with the receding axis 
at an angle of 45° and the receding lines are drawn to full 
scale the projection is called a cavalier projection. An 
oblique drawing in which the receding lines are drawn to y 2 
scale is called a cabinet drawing. (See fig. 3-18.) 




Courtesy Delmar Publishers, Inc. 
Figure 3—17. — Various angles of the receding axis. 
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Like isometric drawings, oblique drawings are made by 
first enclosing the object in a box. (See fig. 3-19.) Meas- 
urements are made on the oblique axes or lines parallel to 
them. The end points of inclined lines are located on oblique 
lines and then the end points are joined with lines. Curved 
lines or circles may be plotted by the co-ordinate method. 
Circles appear as ellipses on the receding sides in oblique 




A B 

Figure 3—18. — A. Covoli«r drawing. B. Cabinet drawing. 




drawings, and the four-point method may be used to draw 
them. However, ellipses in oblique drawings often appear 
distorted. For this reason, draw the pace or the object 

WHICH SHOWS A CIRCULAR OR AN IRREGULAR OUTLINE AS THE 
FRONT PACE, PARALLEL TO THE PICTURE PLANE. ( See fig. 3-20. ) 




B 

Courtesy Delmar Publi*her$, Inc. 
Figure 3— 20.— A. Right: contour parallel to picturo piano. B. Wrong. 

Oblique drawings, like isometric drawings, appear dis- 
torted because the receding lines are drawn parallel to each 
other, rather than converging. For this reason, draw an 

OBJECT WITH ITS LONGEST AXIS PARALLEL. TO THE PICTURE FRAME, 
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Figure 3-22. — Oblique drawing dimensioned correctly. 



46 



as shown in figure 3-21. However, when one plane shows a 
circle or irregular outline but is not on the long axis, it should 
be drawn as a front face in preference to other planes with- 
out circles or irregular outlines. When an object has two 
circular faces, draw the one with the longest axis parallel to 
the picture plane. 

Oblique drawings are dimensioned like isometric draw- 
ings. Figure 3-22 shows an oblique drawing dimensioned 
correctly. 

PICTORIAL SKETCHING 

Techniques for making working sketches in orthographic 
projection are discussed in chapter 7, Draftsman 3, NavPers 
10471. It may be helpful to review some of the basic tech- 
niques of sketching in this section. 

Use a fairly soft pencil, and in order to control your lines, 
draw them with a series of short strokes. Block in the ob- 
ject first with light lines. Then draw the major outlines of 
the object lightly. Finally, draw the details of the object. 
You can darken, or brighten, the lines when you are sure 
they are right, and then orase light construction lines and 
lines which are incorrect. 

It is not necessary for a man to have artistic ability in 
order to make good sketches. The ability to make pictorial 
sketches is particularly useful. You may find that you will 
have occasion to draw pictorial sketches more often than to 
make finished pictorial drawings. In designing and invent- 
ing, engineers often draw pictorial sketches first. You may 
be asked to work from such a sketch to make a finished draw- 
ing. You may make a sketch yourself before you begin a 
drawing in order to better visualize the object, or you may 
find it helpful to make a sketch in order to help someone else 
read a drawing. 

Isometric Sketches 

Since isometric sketches are not expected to be as accurate 
as isometric drawings, you can foreshorten the receding edges 
to avoid the appearance of distortion, or you may even make 



47 



the lines converging. When you make an isometric sketch, 
first establish the lines of axes. Then, as with isometric 
drawings, block in the object with box-like forms in the 
isometric. (See fig. 3-23.) Finish by drawing the outlines 
of the object and adding the details. 






It is important to remember that circles appear in the 
isometric as ellipses and that the major axis of the ellipse 
is always at right angles to the shaft or rotation axis. Thus, 
the minor axis coincides with the shaft or rotation axis. ( See 
fig. 3-24.) 

In dimensioning isometric sketches, follow the general 
rules given in the section on isometric drawing. Be sure to 
keep the extension lines either in the same plane with the 
features to be dimensioned or perpendicular to them. 

Cross-section paper can be obtained with isometric lines. 
This can be helpful when you make an isometric sketch. 

Oblique Sketches 

Oblique sketches, like oblique drawings, show a front face 
which is undistorted. The appearance of distortion can be 
avoided in the other faces if the receding lines are fore- 
shortened and slightly converged. (See fig. 3-25.) This 
use of converging lines in either isometric or oblique sketch- 
ing is sometimes called fake perspective. 




A B 

Figure 3-25. — A. Oblique sketch. B. Oblique sketch with fore- 
shortened receding lines. 

Perspective Sketches 

Perspective sketches are the most effective of the pictorial 
sketches, and unlike perspective drawings, they are not par- 
ticularly difficult to make. To make a perspective sketch, 
you need only observe the ordinary phenomena of nature. 
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Objects appear smaller in proportion to their distance from 
the eye and receding lines converge. Receding horizontal 
lines or planes which are parallel appear to converge to a 
vanishing point on the horizon. (See fig. 3-26.) 

When you make a perspective sketch from an object, you 
can use a pencil to measure the relative lengths of lines and 
their apparent angle. Hold the pencil at arm's length be- 
tween you and the object. Turn the pencil to the apparent 
angle of an edge; note the apparent length of the edge com- 
pared to the pencil; and then, without changing its angle, 
shift the pencil to the paper and mark the beginning and 
end of the line with another pencil. This method of esti- 
mating angles and measuring will be most successful if you 
position your paper so that it is perpendicular to your line 
of sight to the object. 




Figure 3—26. — P*ri pettive sketch. 



If you find that you have a tendency to make the sketch 
too small, try blocking it in very roughly first with light 
lines. Then, using the pencil to estimate angles, sketch the 
principal lines, running them past the lines of the figure 
toward their vanishing points. Block in circles with squares 
and arcs with angles or rectangles. (See fig. 3-27.) 
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SHADING 

Shading is sometimes an aid in clarifying pictorial draw- 
ings, sketches, and orthographic views, as well as improving 
their appearance. On orthographic views, its use will some- 
times bring out details which are difficult to show otherwise 
and thus eliminate the need for an additional view. In some 




Figure 3-27. — Perspective sketch with the object let of an angle. 

views, shading helps prevent an optical illusion, for exam- 
ple, when a surface which projects on the object appears to 
recede in the drawing. On patent drawings, shading is re- 
quired. However, on mechanical working drawings, shad- 
ing is rarely used because it requires extra time and some- 
times can be very misleading, rather than helpful. It is 
unlikely that you will be required to do shading very often 
in the Navy. For this reason, the following discussion of 
shading techniques is very brief. 

Shade Lines 

On outline drawings, the lines may be drawn as if one 
side were in shade and one in light. In this method of indi- 
cating shade, the source of light is assumed to be at an angle 
of 45° to the horizontal from the left and top of the drawing. 
The lines which define the light side are drawn as fine lines, 
and those on the dark side are drawn about three times as 
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wide. Hidden lines should never be shaded. (See fig. 3-28.) 

Round objects present a special problem with this type of 
shading. There are two methods for drawing the heavier 
shade line on one side of a circle. In one method, the center 
is shifted, as shown in figure 3-29A. First, the circle is 
drawn with the compass. Then the center is shifted on a 
line from the source of light. Finally, a semicircular arc is 
drawn with the compass on the dark side of the circle. 

The second method is more difficult and is used only by 
skilled draftsmen, although it is faster than shifting the 

SOURCE OF LIGHT =45° 

\ \ \ \ 

□ rp >=□ 




Figure 3— 28.— Examples of the us. of shad* line*. 
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Figure 3—29. — A. Shifting the center of the circle. B Springing the legs of 

the compass. 



center. First, the circle is drawn with the compass. Then, 
using the same center, the draftsman gradually springs tlu> 
legs of the compass and brings them back again as he draws 
the semicircle, so that the shading is produced in a smooth 
line. (See fig. 3-29B.) 
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Figure 3-30. — Line shading. 
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Lin* Shading 

In line shading, the effect of shade is achieved by means 
of ruled lines. The light is usually considered to come from 
the front and slightly to the left. Flat surfaces are repre- 
sented by flat tints, composed of lines of equal widths. 
Curved or inclined surfaces with graded tints are repre- 
sented by lines of graduated weight. * (See fig. 3-30.) 

For example, on a vertical cylinder, the brightest surface 
is slightly to the left of the middle and the darkest portion 
lies not at the right side but between it and the edge of the 
light. For a brief explanation of this phenomena, read chap- 
ter 14, Draftsman 3, NavPers 10471. 

Ton* Shading 

Tone shading is occasionally of value, especially in per- 
spective sketches and illustrations. As in line shading, a 
source of light should be established and the tones used to 
express form or texture. A discussion of the use of tone to 
show form and of various materials and techniques used in 
making drawings with line or tone shading is included in 
chapter 14 of Draftsman 3. 

QUIZ 

1. Why can't perspective drawings be used when an object is to be 
constructed? 

2. What does the term isometric mean? 

3. What is the difference between isometric projection and isometric 
drawing? 

4. How many degrees apart are the isometric axes? 

5. What is a line which is parallel to one of the isometric axes called? 
One which is not parallel? 

6. Why is it best that the long axis in an isometric drawing be paral- 
lel to the picture plane? 

7. When the end points of non-isometric lines do not fall on iso- 
metric lines or planes, how are they located? 
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8. What two methods may be used to draw circles as ellipses in the 
isometric? 

9. The cutting plane is always what kind of a plane in an isometric 
sectional view? 

10. In what relation to the surfaces dimensioned should extension 
and dimension lines be drawn on isometric drawings? 

11. How is the front face of an object drawn in oblique drawings? 

12. At what angle is the receding axis of an oblique drawing? 

13. What is an oblique drawing called in which the receding lines are 
drawn to % scale? 

14. Why should the face of the object which shows a circular or irregu- 
lar outline be drawn as the front face in oblique drawings? 

15. Why should an object be drawn with its longest axis parallel to 
the picture frame, provided the other faces shown do not have 
circular or irregular outlines? 

16. What is the relation between the shaft or rotation axis of an 
ellipse in an isometric sketch and the major axis of the ellipse? 

17. What phenomena of nature do you need to observe when you make 
a perspective sketch? 

18. At what angle to the horizontal is the source of light generally 
assumed to be in outline drawings where shade lines are used? 

19. What are the two methods for drawing shade lines on circles? 
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CHAPTER 




MATHEMATICS 

INTRODUCTION 

Unless you have a firm grasp of the basic operations of 
arithmetic, you cannot expect to be able to use mathematics 
successfully. If you can use numbers accurately and easily, 
you will find that mathematics is less difficult than you may 
have been led to suppose. 

Mathematics is, as a matter of fact, very much like me- 
chanical drawing in that, once you have a grasp of the prin- 
ciples, it becomes a matter of skill which can be acquired by 
practice. If you have never had occasion to use algebra, 
geometry, trigonometry, or logarithms, or have not had the 
occasion for some time, you will need to practice in order to 
develop the necessary skill. When you are using these tools 
steadily on the job, you will find that their use becomes 
almost second nature to you, so that problems which would 
otherwise be extremely complex can be solved quickly with 
a minimum of effort. 

The Navy has prepared two basic Navy Training Courses 
on Mathematics. They are Mathematics, Volume 1, NavPers 
10069-A and Mathematics, Volume 2, 10070-A. In these two 
texts, all the mathematics required in the qualifications for 
advancement to DM2 are discussed. In Mathematics, Vol- 
ume 1, simple problems in plane geometry are presented in 
chapters 6, 7, 8, and 10, and the extraction of roots in chapter 
11. In Mathematics, Volume 2, areas and volumes are dis- 
cussed in chapter 3, the essentials of trigonometry in chapter 
5, and the raising of numbers to powers and logarithms in 
chapter 9. 
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Figure 4—1. — Common piano figure*. 
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However, it will probably pay you to look at the other 
chapters in the two courses in order to see in what basic 
mathematical operations you may be weak. This is made 
easy for you by the general scheme of each chapter. A re- 
view test is presented before each section on a single process. 
If you pass the test, you may skip the pages that teach you 
the ideas involved in the test. If you fail the test, study the 
pages that teach the mathematics involved, and then try the 
test again. 

PLANE GEOMETRY 

In your work, you use plane geometry constantly. As a 
Draftsman 3, you have become familiar with many geo- 
metrical solutions. This section is designed to provide a re- 
view of some of the most useful postulates of plane geometry. 
Figure 4-1 shows common plane figures. 

An angle is the space between two intersecting straight 
lines. An angle is defined more precisely in mathematics as 
a measure of the amount of turning necessary to bring one 
line or plane into coincidence with or parallel to another. It 
is usually measured in degrees of arc, 1 degree equalling 1 

360 

of a revolution, or circle. In mathematical computations, 
angles are often measured in radians, an angle of 1 radian 
having an arc equal to its radius. There are 2 pi radians to 
a revolution or circle. 

The following review test on angles appears at the be- 
ginning of chapter 6 of Mathematics, Volume 1, NavPers 
10069-A. 

Part I. ( Time: S minutes ) 

1. Copy and complete : 

(a) An angle Is an amount of of a line in a plane about 

a fixed point, called the 

(b) In speaking of the angle shown in figure 4-2, one can refer 

to it in three ways: (1) as angle , or (2) as angle , 

or (3) as angle 
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(c) "I estimate that the angle shown here is about 

degrees." 

(d) In navigation an angle is measured clockwise from 

(e) Thirty-six degrees twenty-four minutes forty-five seconds is 
written 




Figure 4— 2.— An angle. 



(f) One complete rotation equals degrees; a degree is 

divided into minutes; a minute is divided into 

seconds. 

2. With a protractor measure the angle x shown in figure 4-3 ; the 
angle y ; the angle z. 




Figure 4—3. — Angles. 



3. By means of a protractor, draw an angle of 54° ; one of 116° ; 
one of 241°. 

4. On a 24-hour clock, 1 a. m. is called ; 1 p. m. is ; 

11 a. m. is ; midnight is 

5. Using the 24-hour basis write the following : 

(a) two-thirty a. m. (d) one-twelve p. m. 

(b) two-thirty p. m. (e) eleven-five a. m. 

(c) one-thirty a. m. (f) eleven-five p. ni. 

6. Through how many degrees of angle will the hour hand move 
as it turns from 2400 to 0100? .From 2400 to 0200? From 2400 to 
0500? From 2400 to 0600? From 2400 to 0900? 
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7. Add 24°28.2' to 42°54.4\ 

8. Subtract 24°28.2' from 42°54.4'. 

9. A ship is on a course 030° ; suppose it is designed to change the 
course 65° to the left. You would find the new course by subtracting 
65° from 30°. What is the new course? 

Part II. (No time limit) 

10. Tom Blake measured the angle shown in figure 4-2 with a pro- 
tractor. He said, "Angle x is 110V* What caused Tom to make his 
error? (It is a common fault of beginners.) 

11. Very often in navigation the angles are given to the nearest 
tenth of a minute instead of second. Using that method, how would 
you write 20°42'18"? 

12. (a) Define a radian, (b) A radian is equal to about how many 
degrees? (c) A degree is about what part of a radian? 

The answers to these problems are given in appendix I 
of NavPers 10069-A. If you can answer them correctly, 
you can safely skip the rest of chapter 6 in Mathematics, 
Volume I. 

Next take test 20 on page 152 in chapter 7 and then test 
21 on page 157. If you can pass these tests, you are pretty 
well up on the facts about angles, as well as having a grasp 
of some of the facts about triangles and other plane figures. 

A triangle is a plane figure bounded by three straight lines. 
This is the smallest number of straight lines that can be used 
to enclose a plane figure. The triangle is one of the most 
important of geometric figures. Many computations on 
other plane figures can be accomplished by dividing them 
first into a system of triangles and simple parallelograms. 
Many of the geometrical solutions used in the drafting room 
are based on the properties of triangles. In structural de- 
sign, a truss is defined as a system of triangles, and the 
majority of the computations connected with it are made on 
that basis. 

A test for similar triangles is given on pages 189, 190, 
191, and 192 of NavPers 10069-A. It is chiefly concerned 
with the ratios between sides and angles of similar triangles. 
However, the second part of the test is concerned with 
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axioms for solving equations. In this same way, you will 
find the interdependence of the various fields of mathematics 
treated throughout the book. If you have a grasp of the 
language of algebra, you can more easily solve the problems 
of geometry. If you understand the relationships between 
the parts of the geometrical figures, other areas of mathe- 
matics can be grasped more quickly. For example, in order 
to understand the essentials of trigonometry, you must un- 
derstand the ratio between the sides and angles of similar 
triangles. 

Many of the so-called rules of mathematics are concerned 
with relationships. For example, the famous rule of 
Pythagorus, which is discussed in chapter 11 of NavPers 

10069- A, is concerned with the relationship between the 
three sides of a triangle. In using this rule, you may have to 
work with squares and square roots and with algebraic 
formulas. 

Algebra has often been called the shorthand of mathe- 
matics. With it, we are able to put lengthy verbal state- 
ments of problems and processes into concise, understandable 
form, and to shorten or eliminate many arithmetical pro- 
cesses. All mathematics beyond arithmetic is either related 
to, or based on, algebra. 

It is for this reason that the first 2 chapters of Mathematics, 
Volume 2, NavPers 10070- A are on algebra, and for the 
same reason, you should not skip these 2 chapters unless you 
are very sure of your ability to use algebra. Understand- 
ing of algebra is necessary in order to understand Chapter 
3, Areas and Volumes. The test on page 24 in this chapter 
is concerned almost entirely w r ith the use of formulas to 
find the area of plane figures and the volume of three- 
dimensional ones. 

TRIGONOMETRY 

Basic trigonometry is discussed in chapter 5 of NavPers 

10070- A. If you can pass the test in the first part of that 
chapter, you have a pretty good grasp of the essentials. 
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What you need to remember about trigonometry is that the 
ratios between any 2 designated sides of a right triangle 
are the same as those between the same 2 sides of all similar 
triangles. These ratios are called the trigonometric func- 
tions. Tables of trigonometric functions are given in 
appendices III and IV of this manual. 

Actually there are six of these trigonometric functions, 
instead of three. Three stand for ratios between two differ- 
ent sides of a triangle and three more stand for the recipro- 
cals of these ratios. For example, figure 4-4 shows a right 
triangle with side a*, y, and r and an acute angle designated 
by the Greek letter theta ($). 

The ratio of the side opposite 6 divided by the side ad- 
jacent to 6 is called the tangent of 6 and is written tan 0; 
the ratio of the side opposite $ divided by the hypotenuse 
is called the sine of angle 0, written sin 6; and the adjacent 
side divided by the hypotenuse is called the cosine of angle 0, 
written cos 6. The other 3 functions are the reciprocals 
of these 3. That is, the ratios are reversed. All 6 of the 
functions are listed below and the reciprocals are connected 
on the right by solid lines. 

/ i a opposite side. ... . . y 

sine of angle 6=-^- — : > written sin 6=- 

hypotenuse r 



t , . adjacent side. . x 

cosine of angle 0=-H — : > written cos 6= 

° hypotenuse r 

tangent of angle fl= ° PP 08 ' t( * 8 j^ e ; written tan 6=- — 
° adjacent side x 

&rdl£LCdlt> sidp QC 

cotangent of angle $= — - — r- — rj-l written cot 6= — 
9 opposite side y 

secant of angle 6= jL yP otenU8 ^ ; written sec 8=-- 

adjacent side x 



cosecant of angle 0= ^yi )0 |^ nu8 ^ ; written esc d~- 

opposite side y 
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X 



Figure 4-4. — Right triangle 

The reciprocals may also be expressed in terms of each 
other, thus 



tan 0- 



1 


1 


X 


cot 6 


y 




i 


1 


r 

y 


C8C 8 


1_ 


1 


r 


sec 0 



cos 0=-= 
r 

x 

Most of the problems you will have to solve will be con- 
cerned with right triangles. But trigonometry can be used 
to solve other types of angles. Since an isosceles or an 
equilateral triangle is symmetrical, it is easy to solve by the 
same methods used to solve right triangles. For example, 
in figure 4-5, a perpendicular is erected from the base to the 
vertex of the opposite angle. This creates two right tri- 
angles. If 1 side and 1 angle of the original triangle are 
known, then 1 side and 2 angles of each of the 2 right tri- 
angles are known, and they may be solved for the other sides 
and the angle. 
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I low ever, trigonometric functions may be applied to angles 
of any magnitude, not only to angles under 90°. In solving 
triangles that are not right triangles, various algebraic for- 
mulas are used. In defining the trigonometric functions of 
the angles, the same rectangular coordinate system is used as 
that discussed in connection with graphs. In figure 4-6. a 
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right triangle is shown in the first quadrant. Note that 
point P has an abscissa of 3 and an ordinate of 4. The hypot- 
enuse OP=5. This hypotenuse is formed by the ray gen- 
erating the angle and is labeled r. So long as this ray is con- 
sidered to be moving in a counterclockwise or positive direc- 
tion, it is positive and is not affected by its position in rela- 
tion to the axes. 

Now, if the ray generating the angle moves into the sec- 
ond quadrant, it is obvious that angle 6 is no longer an angle 
of less than 90° but one somewhere between 90° and 180°. 
(See fig. 4—7.) In order to determine the trigonometric 
functions of such an angle, the coordinates of point P are de- 
termined and a line dropped from point P perpendicular to 
the x axis. Thus a right triangle is formed as shown in fig- 
ure 4-7. If point P has the coordinates x = — 3 and y=4 
and the ray generating the angle remains a positive 5, these 
become the values of the sides of the triangle which has been 
formed. 
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Figure 4—7. — Angle with the generating ray in the second quadrant. 
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Therefore, using the ratios for the trigonometric func- 
tions, we could write : 



sin 0 



oppos ite leg_4 
hypotenuse 5* 



„ adjacent leg —3 3 

cos 6=^r — : = -^- = —z> 

hypotenuse 5 5 

tan g= opposite leg = 4 = _4 
adjacent leg —3 3 

„ adjacent leg —3 3 
opposite leg 4 4 

hypotenuse 5 
esc 0= J 77 . — =-> 
opposite leg 4 

sec g_ hypotenuse _ 5 _ 5 
"adjacent leg —3 3 

Of course, the numerical functions of an angle in the 
second quadrant are the functions of any angle which is the 
supplement of the given angle. Thus, the functions of 
0 are equal to those of 180° — 0, except that the signs of the 
cosine, tangent, secant, and cotangent are negative. 

An angle formed by a generating ray in the third quad- 
rant is somewhere between 180° and 270°. In the figure 4r-8, 
a right triangle has been formed by dropping a perpendic- 
ular from the x axis to the terminating point of the ray. 
The coordinates of this point are x— — 3 and y= —4. The 
ray remains a positive 5. Therefore the trigonometric 
functions of this angle may be written : 

* -4 4 n -3 3 

sin 0=—=~ = — -> cot 0= — -=-p 

5 5 — 4 4 

* -3 3 m 5 5 
cos 6=-^- = —-) esc 0= — t =— -> 



5 5 -4 4 

-4 4 m 5 5 

=3=3' 360 9= ~3 =- 3 
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Figure 4—8. — Angle with the generating ray in the third quadrant. 

The functions of an angle between 180° and 270° are 
expressed as the functions of 180° subtracted from the given 
angle (0-180°). 

When the generating ray has moved to the fourth quad- 
rant, the angle is between 270° and 360°. The functions 
of such an angle are expressed as the functions of an angle 
equal to the given angle subtracted from 360°. (See fig. 
4-9.) The trigonometric functions may be written in terms 
of the right triangle formed, thus 



* -4 
sm 0=-— = - 

5 



5' 



f a 3 3 

cot 9= — - = — —) 
— 4 4 



cos 9=-> 
5 



tan 9= — =■ 

o 



3' 



CSC 0= 



sec 6— 



-4 

5 
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The table below summarizes what has been discussed con- 
cerning the signs for the functions of angles in different 
quadrants. 



Quadrant 


8 In 


Cos 


Tan 


Cot 


See 


Cm 


I (0°to90°) 


+ 


+ 


+ 


+ 


+ 


+ 


II (90° to 180°) 


+ 










+ 


Ill (180° to 270°) 






+ 


+ 






IV (270° to 360°) 




+ 






+ 





GRAPHS 

Although the quals do not call specifically for a knowledge 
of graphs, it will pay you to study carefully chapters 6, 7, 
and 8 in NavPers 10070-A. If you are a topographic drafts- 
man, much of your work will be concerned with grids. If 
your billet is in one of the engineering drafting fields, an 
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understanding of dependence or relationship will be inval- 
uable. Any draftsman should know- how to construct a 
graph. 

A graph shows the relationship between two values. The 
grid system used in many graphs is called the rectangular 
coordinate system. This system is actually basic to much 
of mathematics, including trigonometry. In the rectangular 
coordinate system, the values to be plotted are spaced at equal 
intervals along 2 axes which intersect at right angles to form 
4 quadrants. The point of intersection of the axes is called 
the origin. The horizontal axis is commonly called the x 
axis; and the vertical axis, the y axis. When a point is 
located on a graph, its value according to the x axis is called 
the abscissa and its value according to the y axis is called the 

GROWTH OF POPULATION IN THE UNITED STATES 




1790 1800 1810 1620 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 

YEAR 

Figure 4-10. — Growth of population in the United States, 1790-1940. 
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ordinate. Together these values are the coordinates of the 
point. The abscissa is always first when the coordinates of 
a point are given. A line drawn through plotted points on 
a graph is called a curve, although it may be a straight line. 

In one type of graph, no causal relationship exists between 
the two values shown in the graph. It is merely a picture 
of changing conditions. For example, in graphs showing 
changes in population over periods of time, the population 
count does not vary because of variations in the time interval. 
Such a graph is shown in figure 4-10. Notice that the lines 
of the axes are at the edge of the grid, since no negative 
values are included. 

Two or more graphs are sometimes combined. That is, 
several sets of coordinates are plotted in reference to the 
same pair of axes. In this way the relation existing between 
all of them may be shown. When this is done, each curve can 
be conveniently identified either by a note with an arrow 
pointing to the curve, or by a symbol which is explained in 
a legend. 

There is another type of graph in which a causal relation- 
ship does exist between the two values on the axes, and this 
causal relationship may also be expressed as an equation. 
In fact, a geometric figure, such as the circle, may be ex- 
pressed as an equation and plotted as a graph. The equations 
for forms like the parabola, ellipse, and hyperbola are stand- 
ard, and once you have learned to recognize them, you will be 
able to predict from looking at the equation what geometric 
form it will take when its graph is drawn. The study of 
curves of various equations makes up a whole branch of 
mathematics called analytic geometry. 

CURVES 

Curves may be drawn without a knowledge of their equa- 
tions when something is known concerning their character- 
istics. Methods of drawing the circle and the ellipse were 
discussed in Draftsman 3, and the four-point method of 
drawing an approximate ellipse is given in chapter 3 of 
this training course. 
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To draw a reverse or ogee curve tangent to two lines, 
erect a perpendicular at point A and drop one at point B 
as shown in figure 4-11 A. Connect the points A and B with 
a line as shown in figure 4-1 IB. Assume a point C on this 
line through which the curve will pass. This point may be 
the midpoint of the line, if equal arcs are desired. Bisect AC 
and CB, as shown in figure 4-1 1C. The intersection of these 
lines with the perpendiculars from points A and B are the 
centers of the required arcs. Complete the curve as shown 
in figure 4-1 ID. 



I e 




C 

Figure 4-1 1 . R«v»rt« or OQM curv«. 



To draw a curve tangent to three intersecting lines, select 
a point of tangency E on line BC, as shown in figure 4-12A. 
Mark off a segment on line AB w T hich is the same length as 
BE and a segment on line CD the same length as EC. Erect 
perpendiculars from E, F, and <9, as shown in figure 4-12B. 
The intersections of these perpendiculars are the centers for 
the required arcs. 

CoNics. — The four curves — circle, ellipse, parabola, and 
hyperbola — are called conies because they can be thought of 
as sections of a cone. (See fig. 4-13.) Conies can be ex- 
pressed as algebraic equations and plotted as described in 
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the section on graphs. They can also be drawn with a 
knowledge of their equations, if certain of their character- 
istics are given. For example, the circle can be drawn if 
its radius is known. 




HYPERBOLA 




PARABOLA 




circle 




ELLIPSE 



Figure 4—13. — The sections of o cone which form the conies. 

An ellipse is generated by a point moving so that the sum 
of its distance from two fixed points, called the focuses, is a 
constant equal to the major axis. This definition is well il- 
lustrated in the pin-and-string method of drawing an ellipse 
shown in figure 4-14. Most of the ellipses you will he re- 
quired to draw will be the oblique or isometric views of 
circles. 

The reflector of a searchlight is a parabolic curve, and the 
path of a projectile follows a parabolic curve. A parabola 
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is a curve any point of which is equidistant from a fixed 
point, called the focus, and a fixed line, called the directrix. 
This may be illustrated by the pin-and-string method of 
drawing a parabola which is shown in figure 4-15. The 
string is attached at the focus and at a point selected at 
random on the straightedge. The location of the point on 
the straightedge depends on the desired extent of the curve. 
The string must be kept taut, and the pencil kept against 




the straightedge. As the straightedge is moved, the pencil 
describes the curve of the parabola. 

When the focus and the directrix of a parabola are given, 
draw the axis of the parabola through the focus and per- 
pendicular to the directrix. (See fig. 4-1 6 A.) Through 
any point on this perpendicular, draw a line parallel to 
the directrix, as shown in figure 4-16B. With the distance, 
OC, from the directrix as a radius and with the focus F 
as a center, draw an arc intersecting this line. (See fig. 
4-16C.) This intersection is a point on the curve. Repeat 
the operation until enough points have been located to estab- 
lish the curve. 

Often when a parabola is required, either the dimensions 
of the enclosing rectangle or the width and depth of the 
parabola are given. In this case, draw the axis of the para- 
bola in the center of the rectangle. Divide half the width of 
the parabola into a number of equal spaces, as shown in fig- 
ure 4-17 A. Then divide the end of the rectangle AB into 
the same number of divisions, also equally spaced, as shown 
in figure 4-17B. From these divisions, draw lines which con- 
verge at the point O shown in figure 4-17C, and from the 
corresponding divisions on OA, draw lines which are parallel 
to the axis. The intersections of the two sets of lines will be 
the points on the curve, as shown in figure 4-17D. 

A curve of parabolic form, such as is often used in machine 
design, may be drawn by first drawing a right angle, as 
shown in figure 4-18A. Each side of the angle is divided 
into the same number of equally spaced divisions. These 
divisions are then numbered as shown in figure 4-18B, and 
the corresponding numbers are connected. The resulting 
tangent curve will have a parabolic form. Figures 4-18C 
and 4-181) show curves constructed from angles other than 
right angles. 

A hyperbola is generated by a point moving so that the 
difference of its distance from two fixed points, called the 
focuses, is constant. This constant is equal to the trans- 
ver8e axis shown as AB in figure 4-19. The conjugate 
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axis is perpendicular to the transverse axis. A common 
example of a hyperbola is the curve formed on a side of a 
hexagonal bolt head by the chamfers- 




Figure 4—18. — Method of drawing a curve of parabolic form. 
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Figure 4-20. — Pin-and-$tring method of drawing a hyperbola. 



The pin-and-string method may be used to draw a hyper- 
bola, as shown in figure 4-20. The straightedge is attached 
at one focus F and one end of the string at the other focus 
F'. The other end of the string is attached to the straight- 
edge, and its distance from F depends on the desired extent 
of the curve. When the straightedge is revolved with a 
pencil point against it and the string kept taut, a hyperbola 
may be drawn. 

To construct the curve geometrically, select any point, 
such as />, on the transverse axis extended. Using the dis- 
tance from this point to the near end of the transverse axis 
(BP) as a radius and with the focuses as centers, draw arcs 
as shown in figure 4-21A. Then, using the distance from 
the point P to the far end of the transverse axis (AP) and 
with the focuses as centers, draw arcs intersecting the first 
arcs. The intersections of the arcs are points on the curve. 
(See fig. 4-21B.) Select a second point P' on the extension 
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Figure 4—2 1 . — Method of drawing a hyperbola. 
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of the transverse axis and perform the same operation, as 
shown in figure 4-21C This may Ik* done as often as neces- 
sary to define tlie curve. 

Tlie asymitotkk of the hyperbola are very important in 
tracing the curve and studying its properties. To draw the 
asymptotes, first draw a circle with a diameter equal to the 
distances between the focuses, as shown in figure 4-22A. 



Then erect perpendiculars from the ends of the transverse 
axis, as shown in figure 4-22B. When the points of inter- 
section of these perpendiculars with the circumference of 
the circle are connected by lines with the center of the circle 
as shown in figure 4-22(\ an X is formed which defines the 
asymptotes. 

When an equilateral hyperbola is to be drawn, the 
asymptotes form a right angle. When the location of a 
point P in relation to the asymptotes is given, draw the 
asymptotes shown as AO and OB in figure 4 :*:>. Locate the 
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point Pon the curve and draw lines through it perpendicular 
to the asymptotes, as shown in figure 4-'23A. Mark any 
points on PI) and number them 1, 2, 8, 4, etc., as shown in 
figure 4-23 B. Draw a series of lines through these points 
parallel to OB, and a second series of lines converging on 0 
through the same points. (See fig. 4-23C.) From the inter- 
section of these lines with (P extended draw perpendiculars 
to OB. (See fig. 4-23D.) The intersections of these per- 
pendiculars with the parallel lines through the points on PD 
give points on the curve. 




Figure 4—23. — Method of drowing an equilateral hyperbola. 
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Cycloidal < i kyk8. — A CTCLOID is generated by a point on 
the circumference of a circle that is rolled along a straight 
line. An epicycloid is generated if the circle is rolled al 
the outside of another circle. A mmflM ycloid is generated 
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Figure 4-24. — Method of drawing a cycloid. 



if the circle is rolled along the inside of another circle. 
These curves are sometimes used in gear designs. 

To draw a cycloid when the circle and the straight line 
are given, first draw the circle tangent to the line. (See 
fig. 4-24.) Then divide the circle into a convenient number 
of equal parts. Lay off on the line the rectified length of 
the circumference of the circle, and divide this into the 
same number of parts as the circle, as shown in figure 4-24A. 




Figure 4—25. — A. Epicycloid and hypocycloid. B. Epicycloid. C. Hypocycloid. 
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Erect perpendiculars from these divisions and extend a 
line from the center of the circle parallel to AB, as shown in 
figure 4-24B. The intersections of this line with the perpen- 
diculars locates the center of the moving circle at each suc- 
cessive division. Using these centers, draw circles with the 
same radius as the given circle, and then draw lines from the 
divisions on the original circle parallel to line AB and inter- 
secting the arcs of the other circles, as show r n in figure 4-24C. 
These intersections are the points of the curve. 

The epicycloid and hypocycloid are drawn in the same 
manner, except that instead of a straight line, an arc is drawn 
which represents the outside or inside of another circle. 
Therefore, instead of perpendiculars, normals are drawn to 
this arc. The radius for both circles should be given. (See 
fig. 4-25.) 

A normal is a line which is perpendicular to a tangent at 
a point on an arc. In order to draw a normal, draw a tan- 
gent to the point on the arc, and erect a perpendicular from 
this tangent. 

Involute. — An involute is the curve that might be traced 
by a point on a cord that is being unwound from a line, a tri- 
angle, a square or another polygon, or a circle. Figure 4-26 

i 




Figure 4—26. — Pin-and-string method of drawing on involute of a pentagon. 
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illustrates the pin-and-string method of drawing the involute 
of a pentagon. 

To draw an involute of a line AB, extend the line as shown 
in figure 4-27A. Using the length AB as a radius and A 
as a center, draw a semicircle, as shown in figure 4-27B. 
Then, using BC as the radius and B as the center, draw a 
second semicircle continuing the curve, as shown in figure 
4-27C. Then, with CD as the radius and C as the center, 
draw the next arc, as shown in figure 4-27D. Proceed in the 
same manner until the curve is the desired size. 






A 


1 B 


Jo 





Figure 4—27. — Method of drawing the involute of o lino. 

To draw the involute of a triangle, extend the sides as 
shown in figure 4-28A. Using one side AB as a radius, and 
A as the center, draw an arc from B to the extension of side 
AC, as shown in figure 4-28B. Using a radius the length of 
AC plus its extension, and with C as the center, draw an arc 
to the extension of side BC. With BC plus its extension as 
the radius and C as the center, draw the arc to the extension 
of side AB, as shown in figure 4-28(1 Continue in this man- 
ner until the figure is the desired size. 

To draw the involute of a circle, consider the circle as 
a polygon with a great number of sides. Divide the cir- 
cumference of the circle into a number of equal parts. Then 
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Figure 4—2 8 . — Method of drawing the Invclvt* of a triongU. 

draw tangents from each division, as shown in figure 4-29A. 
With the rectified distance of a division as a radius, draw 
an arc from one division to intersect the tangent of the next 
division, as shown in figure 4-29B. With the intersection 
point on this tangent to the point of tangency as a radius, 
draw an arc to intersect the next tangent. (See fig. 4-29C.) 
Continue until the figure is of the required size. 

Spiral. — The spiral is generated by a point moving around 
a fixed point, its distance increasing uniformly with the 
angle. To draw a spiral which makes one turn in a given 
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circle, divide the circle into a number of equal parts and 
number these parts in succession. (See fig. 4-30 A.) Then 
divide the radius of the circle into the same number of parts 
and number them from the center outward, as shown in figure 
4-30A. Using the center of the circle as a center, draw 
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C 

Figure 4— 29.— Method of drawing tho Involute of a clrclo. 

from each of the numbered divisions an arc which intersects 
a corresponding numbered division on the radius, as shown 
in figure 4-30B. These intersections are the points of the 
curve, as shown in figure 4-30C. 
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Figure 4-30. — Method of drawing a spiral. 



Hfxix. — The helix is a curve in space which is generated 
by a point moving uniformly along ■ Straight line which 
revolves around an axis. If the line moves parallel to the 
axis, it will generate a cylindrical helix. If it moves at 
an angle to the axis, it will generate a conical helix. The 
lead o:f a helix is the distance parallel with the axis which 
the point advances along the line in one revolution. 

To draw a helix, draw two views of the cylinder, as shown 
in figure 4-31 A. Divide the lead into an equal number of 
parts and the diameter into the same number of parts, as 
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Figure 4-31. — Method of drawing a helix. 

shown in figure 4-3 IB. The intersection of the lines from 
these points, as shown in figure 4-3 1C, are the points of the 
cylindrical helix. 

LOGARITHMS 

Chapter 9 in NavPers 10070- A discusses logarithms, one of 
the most useful of mathematical processes to the man who 
must work with large numbers. The logarithm of a given 
number is the exponent indicating the power to which an- 
other number called the base must be raised to produce the 
given number. Logarithms are useful because, like other ex- 
ponents, they are added in problems of multiplication and 
subtracted in problems of division, thereby shortening the 
arithmetical processes involved and so simplifying them that 
there is less chance of errors. 

In NavPers 10070-A, the chapter on logarithms is intro- 
duced by a test and a discussion of powers and roots since 
logarithms are exponents and must be used like other ex- 
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ponents. If you can pass this test, skip the section follow- 
ing it and take test 10 on page 160 on logarithms themselves. 

There are two systems of logarithms in use. That is, there 
are two different bases used. One base is 10, and this is al- 
ways the base in the system called common logarithms. The 
other base, 2.7182818 + , is used in the system called natural 
or Naperian logarithms. Naperian logarithms are used 
in pure mathematical discussion and in advanced engineer- 
ing. In this section, common logarithms, which are in gen- 
eral use, will be discussed. 

It is apparent that the logarithm of 100, 1,000, or any 
other integral power of 10 is simply equal to the number of 
times that 10 is multiplied by itself to give the number. 
But in order to find a logarithm of a number that is not an 
integral power of 10, you will have to find a logarithm be- 
tween 0 and 1 or 1 and 2 or 2 and 3 which will contain a 
fraction usually expressed as a decimal. Therefore, the log- 
arithm of a number is composed of an integral portion to 
the left of the decimal, called the characteristic, and of a 
decimal fraction, called the mantissa. 

A number between 1 and 10 will have a logarithm that is 
more than 0 but less than 1. The characteristic of such a 
number will be 0. When the number is between 10 and 100, 
the characteristic will be 1. In the same way, the character- 
istic of a number between 100 and 1,000 will be 2. It may 
help you to remember that the characteristic of the logarithm 
of a given number is always a quantity one less than the 
number of places to the left of the decimal place in the 
number. 

Since the characteristic of a logarithm can be arrived at 
in this manner, the mantissa of a logarithm is all that appears 
in a table of logarithms. The degree of accuracy of this 
mantissa depends on the number of decimal places used. 
The table of logarithms included in NavPers 10070- A is to 
four decimal places. It is compact and convenient, but 
where greater accuracy is desired, a table of five or more 
decimal places is recommended. 
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Interpolation 



Interpolation is a process which is used in a great many 
different mathematical areas. It is a method for finding an 
unknown number which falls between two other known num- 
bers. Suppose you want to find the logarithm of 14.15. 
You know that the characteristic is 1. When you look at the 
table to find the mantissa, 14.15 cannot be found, and the 
nearest numbers in the table are 141 and 142. These num- 
bers may be used to compute the mantissa of 14.15. Thus 

Log 14.1 =1.1492 
Log 14.15=? 
Log 14.2 =1.1523 
Tabular difference = .1523 -.1492 =.0031 
One half tabular difference= .5 X .0031 = .00155 

= .0016 (rounded off) 
Therefore, log 14.15 = 1.1492+.0016= 1.1508. 

This figure is not exact, but for all practical purposes, it 
will serve. Some tables include a proportional part (P. P.) 
column in which the logarithm for an extra place in a num- 
ber can be found. 

An antilogarithm may also be found w r hen the known log- 
arithm contains a mantissa which falls between two other 
mantissas in the table. For example, find the antilogarithm 
of 2.5484. In the table, the next smaller mantissa is .5478 
and the next higher is .5490. 

Log 353=2.5478. 
Log x =2.5484. 
Log 354=2.5490. 

The difference between log 353 and log x =.0006. The 
tabular difference between log 353 and log 354= .0012. Since 
the increase of .0012 corresponds to an increase of 1 between 
353 and 354, we can assume that the increase of x is equal to 

the fraction *qq^ = ^ = *^ Therefore, #=353.5. 

Naturally, most of the problems involving interpolation 
will not work out so neatly with the fraction y 2 . You may 
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have odd fractions, and sometimes it will be convenient to 
take the nearest decimal equivalent, thereby reducing the 
accuracy of your solution slightly. 

SLIDE RULE 

The use of the C and D scales of the slide rule is discussed 
in Chapter 4, Draftsman 3, NavPers 10471. In order to 
understand the working principle of these scales and of 
other scales on the slide rule, you should realize that the 
gradations on the scales are really the logarithms of the 
numbers. Figure 4-32 shows the relationship between a 
number scale and logarithm scale. 



|12J45«789? ? 4 
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0 1 2 3 4 5 6 

Figure 4—32. — Comparison of number and logarithm scalos. 



Actually when you use a slide rule, you are adding or 
subtracting the logarithms of numbers, just as exponents 
are always added in problems of multiplication and sub- 
tracted in problems of division. Two ordinary equal-parts 
scales can be manipulated like the slide rule to add or sub- 
tract numbers, but not to multiply or divide them. In 
figure 4-33, when the 0 of the upper scale falls over 3, 
you can add 3 to any number on the upper scale to get the 
number under it. When 3 is added to 3, the sum is 6 which 
is the number on the lower scale under 3. In the same way, 
when the number on the upper scale is subtracted from the 
number under it on the lower scale, the quotient will be 
found under the zero on the upper scale. 

0 1 2 3 4 5 6 

I I i i » JL J 

I 1 1 1 1 1 1 1 1 1 

0123456789 

Flgwr. 4-43. — Equal-parts scaUs may be used for addition and subtraction. 
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In the same way, the C and D scales are used to add loga- 
rithms, as demonstrated in figure 4-34. If the left index 
on C is placed over 2 on D, the 4 on C is over 8. 

Log 2= .301 
Log 4= .602 

Sum= .903 
Antilog .903= 8. 

In this section only the A, B, and K scales, which are used 
to find the squares and cubes and the square roots and 
cube roots of numbers, will be discussed. The A and B scales 

1 2 3 4 5 6789 10 

I I ' III! 1 | | 

r i i i ll .... 

1 2 3 49678910 

Figure 4-34. — Logarithm scotai may b« mad for ad din g or subtracting loga- 
rithms, which it tho samo at multiplying or dividing nwmbors. 

may also be used for multiplication and division and for 
problems involving the diameter and area or the diameter 
and circumference of circles. Some slide rules also contain 
inverted scales labeled CI and CIF, an L scale, and S and T 
scales. The CI or CIF scales may be used to find reciprocals 
and for compound multiplication problems. The L scale 
is used to find the logarithm of a number. The S and T 
scales are used to read trigonometric functions. For de- 
scriptions of the use of these scales, obtain a copy of EM 
960, A Course in the Slide Rule and Logarithms, through 
your Information and Education Officer. 

The numbers on the A and B scales are the squares of those 
on the C and D scales, while the numbers on the K scales are 
the cubes of those on C and D. Notice that the A scale is 
really 2 small D scales and that the K scale is 3 small D 
scales. This doubling and tripling of scales has the effect 
of doubling and tripling logarithms. (See fig. 4-35.) 

To find the square of a number, place the hairline on the 
indicator over the number on the D scale and read the square 
on the A scale. If you are using the C scale, read the square 
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on the B scale. In the same way, if you have a slide rule 
with the K scale on it, you can place the indicator over a 
number on the D scale and read the cube on the K scale. 

For example, find the square of 6. First, place the 
indicator with its hairline over the 6 on the D scale. Then 
read 36 on the A scale. Since the square of 6 must be a 2- 
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Figure 4— 35. — Portion of o slide rule showing the A, 


B, C, and D 


scales. 



digit number, 36 is read and not 3.6. It is very much like 
placing the decimal in slide-rule problems involving deci- 
mals. You must use common sense. 

One way to read the square correctly is to remember 
that a number on the left side of the scale will have an uneven 
number of digits to the left of the decimal point, while one 
on the right side will have an even number. For example, 
the square of 12 is 144 and falls on the left side ; the square 
of 8 is 64 and falls on the right side. If the number to be 
squared is a decimal fraction and its square falls on the left 
side of the A scales, there are an odd number of zeros be- 
tween the decimal point and the first digit of the decimal. 
For example, if the decimal to be squared is .02, the square 
falls on the left half of the scale and will be .0004. If the 
square of a decimal falls on the right half of the scale, 
there are no zeros or an even number of zeros between the 
decimal point and the first digit of the number. If the dec- 
imal to be squared is .04, the square falls on the right half 
of the scale, and reads .0016 with an even number of zeros. 

You can work out a key for reading the indexes. For 
example, if the number to be squared is 6, the key is 1. If 
the number to be squared is 12, the key is 10. If the key is 1, 
then the numbers between the left index and the middle index 



95 



will run from 1 to 10, and those between the middle index 
and the right index from 10 to 100. If the key is 10, the left- 
index will be 100, the middle index 1,000, and the right index 
10,000. Study the following table for other keys and index 
values. 



Key 


A indexes 


K indexes 


Left 


Middle 


Right 


Left 


First 
middle 


Second 
middle 


Right 


0.01 


0.0001 

0.01 

1 

100 


0.001 
0.1 
10 
1,000 


0. 01 
1 

100 
10,000 










0.1 

1 

10 


0. 001 
1 

1,000 


0. 01 
10 

10,000 


0.1 
100 
100,000 


1 

1,000 
1,000,000 



To find the square 'root of a number, place the indicator 
over the number on the A scale and read the root under the 
indicator on the D scale. The B and C scales may be used 
instead of the A and D scales if they are more convenient. 

In finding square roots on the slide rule, you will find that 
your chief problem consists of setting the indicator to the 
number on the proper section of the A or B scale. The fol- 
lowing rules will help you determine on which section of the 
scale to set the indicator : 

1. If there are an odd number of digits to the left of 
the decimal in the number, the indicator should 
fall on the left scale. For example, 9 is found on the 
left side of the A scale, and the square root 3 is read 
below it on the D scale. 

2. If THERE are an odd number of digits from the FIRST 

SIGNIFICANT FIGURE IN A DECIMAL FRACTION, THE INDI- 
CATOR SHOULD FALL ON THE LEFT SIDE OF THE SCALE. 

For example, .09 falls on the left side and the root .03 
is read below it. 

3. If THERE ARE AN EVEN NUMBER OF DIGITS TO THE LEFT 
OF THE DECIMAL IN THE NUMBER, THE INDICATOR SHOULD 

fall on the right scale. For example, 64 is found 
on the right side of the A scale and 8 is read below it 
on the D scale. 
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4. If there is an even number of digits from the first 
significant figure in the decimal fraction, the indi- 
CATOR SHOULD FALL ON THE RIGHT SCALE. For example, 

.064 is found on the right side of the A scale and .08 is 

read below it on the D scale. 
The position of the decimal point in a root may be deter- 
mined by dividing the number into periods of two digits 
each, starting from the decimal point and working to the 
right and then to the left. In each case, the final period may 
consist of only one digit. The root will have the same 
number of digits on either side of the decimal point as the 
number of periods marked off. For example, to find the 
square root of 158.76, divide the number into periods thus, 
1 '58.76. Then read the root as 12.6. The square root of 
.00576, which is marked off thus, .00'57'6, is .024 and not 
.0024. 

To find the cube root of a number, find the number on 
K and read the root on D. 

In using the K scale, you have three sections from which 
to choose when you set the scale to read a cube root. The 
simplest way to find the correct setting is to count the digits 
left from the decimal point thus : 1, 2, 3, 1, 2, 3, etc. If the 
last digit to the left falls on the count 1, use the first or 
left section of the K scale. If it falls on 3, use the third 
or right-hand section. For example, you would find the 
number 9261 on the left section, the number 64 on the cen- 
ter section, and the number 512 on the right section of the 
scale. 

QUIZ 

1. What is the smallest number of straight lines that can be used 
to bound a plane figure? 

2. On what fact concerning triangles is trigonometry based ? 

3. What are the tabulated ratios for the sides of right triangles 
called? 

4. Why is the sine of an angle in the second quadrant positive? 
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5. Although the signs of some of the functions differ, an angle of 
284* in the fourth quadrant has the same functions as what angle 
in the first quadrant? 

6. What is the point of intersection of the axes called? 

7. What are the four parts called into which a graph is divided by 
the axes? 

8. (a) When both coordinates of a point are given, which is given 
first? (b) On which axis is its value found? 

9. What curves are called conies and why? 

10. What is the definition of a parabola? 

11. How is a hyperbola generated? 

12. (a) How is a cycloid generated? (b) An epicycloid? (c) A 
hypercycloid? 

13. What is a helix? 

14. What is the lead of a helix? 

15. Why are logarithms useful? 

16. What base is used in the system of common logarithms? 

17. What does the characteristic of a logarithm of a given number 
indicate? 

18. What is an antilogarithm? 

19. What are the A and B scales on the slide rule used for? 

20. Using the A and D scales, what steps would you take in order 
to find the square of a number? 

21. What steps are necessary in order to find the square root of a 
number ? 

22. In finding a square root, if there are an odd number of digits to 
the left of the decimal in a number or an odd number of digits 
from the first significant figure in a decimal fraction, you should 
set the indicator on which section of the A or B scale? 

23. In using the K scale to find a cube root, if the last digit to the left 
from the decimal in a number falls on count one, you should set 
the indicator on which section of the K scale? 
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CHAPTER 




MACHINE PARTS 

MACHINE DRAWINGS 

When a complex piece of machinery is to be made, whether 
it will be produced as a single unit or in quantity, the prob- 
lems involved in producing it are worked out on the drawing 
board- First, a design drawing is made by an engineer, 
engineer officer, or a well-trained and experienced drafts- 
man working from sketches made by an engineer. Then 
detail drawings of each part are made from this design 
drawing. Finally, an assembly drawing is drawn to show 
how the machine is assembled. Often a mistake in a detail 
drawing shows up on the assembly drawing which, therefore, 
also serves as a check on the earlier work. 

The detail drawings and assembly drawings of a machine 
comprise the working drawings, from which the machine 
is made, as distinct from the design drawing or such draw- 
ings as display drawings intended for other purposes. The 
working drawings of a piece of machinery tell what manu- 
facturing processes and materials are used, and how the 
different parts are finished, as well as the dimensions of the 
parts. 

The draftsman making detail or assembly drawings should 
know something about materials, how they are produced, and 
what the different terms used in connection with them mean. 
He should also have an acquaintance with machine shop work 
and the fabrication of metal and plastic products. 

METALS 

Metals are divided into two general types — ferrous and 
non ferrous. Ferrous metals are those whose major pro- 
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portion is iron. Iron is the basis for all steels. Nonferrous 
metals are those whose major proportions are not iron, 
although they may contain a small amount of iron as an 
impurity. 

Iron 

The main source of all ferrous metals is, of course, iron 
ore, which is an iron oxide containing varying amounts of 
impurities. In order to extract iron, the ore is heated in 
a blast furnace in contact with other elements which have 
a greater binding power for oxygen than does the iron. The 
blast furnace is operated continuously, and the melted iron 
and slag which collect at the bottom are drawn off at regular 
intervals. The molten metal from the blast furnace may be 
further refined before it is allowed to cool, or it may be cast 
into shapes of approximately 80 pounds which are called pigs. 
In either case the product of the blast furnace is called pig 
iron. 

Pig iron is composed of approximately 93 percent iron, 
3 to 5 percent carbon, and varying amounts of other elements. 
Pig iron is remelted with certain proportions of scrap to 
provide the desired chemical properties of iron for the man- 
ufacture of cast iron. Because of its brittleness and low 
tensile strength, cast iron is limited in use. 

When pig iron is further refined through a process known 
as puddling, wrought iron is obtained. This iron is used 
in the manufacture of pipes, nails, and rivets. It is work- 
able and has a fibrous internal structure due to the rolling 
and squeezing given to it when it is being made. Wrought 
iron and mild steel are very much the same in chemical con- 
tent, but they exhibit different physical properties because 
of the different manufacturing processes involved. 

Steel 

Steel is made from molten iron from the blast furnace or 
from remelted pig iron by bringing it into contact with a lib- 
eral supply of oxygen which consumes the excess carbon and 
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some other impurities. Most steel is produced by either the 
open hearth or the bessemer process. High grade steel in 
small quantities can be produced in an electric arc furnace. 
However, this process is most costly. Sometimes carbon is 
simply added to wrought iron to produce steel in what is 
called the crucible process. 

Actually the name steel is applied to a number of mix- 
tures containing radically varying ingredients and prop- 
erties. Carbon and iron are present in all steels. Carbon 
steel with a carbon content up to 0.75 percent can be cut, 
shaped, and w elded. When the carbon content of the steel 
is above 0.75 percent, it can be readily hardened. 

Alloying elements are also added to steel to produce de- 
sired qualities. Such elements are important in tool steel, 
especially the so-called high-speed steels, which are used for 
the tools that cut other metals at high speeds. Alloy steels 
often bear names which indicate the important elements 
responsible for their particular properties. 

Nonferrous Metals 

One of the most important nonferrous metals is copper. 
Like the ores of iron and all other base metals, copper ore 
must be mined, smelted, refined, and then rolled to the de- 
sired shape. In comparison with iron, copper is a rare metal. 
There is much less copper in a ton of copper ore than there 
is iron in a ton of iron ore, and the process for extracting 
copper from the ore and refining it is much more expensive 
than that for iron. 

Copper is an excellent conductor of electricity and has 
excellent resistance to salt-w T ater corrosion. It becomes hard 
when worked but is easily softened by heating. Copper 
seams may be joined by riveting, soldering, or brazing, or 
by using standard sheet-metal seaming procedures. 

Zinc is used as an alloying ingredient in making brass and 
some bronzes. It is also often used as a protective coating 
on steel sheets, which are then called galvanized sheets. 
Pure zinc plates, called zinc protectors, are used to protect 
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hulls and hull fittings from galvanic or battery action. 
These zinc protectors are installed on hulls of all steel ships 
and also in machinery through which salt abater must 
circulate. Zinc is also used for batteries, jar tops, and litho- 
graphic plates. 

Tin is seldom used except as an alloying ingredient. Al- 
loyed with lead, it makes a soft solder, and alloyed with 
copper, it produces bronze. Lead and tin both resist cor- 
rosion, but tin has the added advantage of being nonpoison- 
ous. For this reason, cans for food are fabricated from 
sheet metal which has been coated with tin. 

Aluminum is being used more and more because of its 
light weight, easy workability, good appearance, high resist- 
ance to corrosion, and other desirable properties. Pure 
aluminum is soft and not very strong. When alloying ele- 
ments such as magnesium, copper, nickel, and silicon are 
added, however, an alloy stronger than low carbon steel can 
be produced. Duralumin was one of the first of such alloys. 
The subject of aluminum and its alloys and systems of num- 
bering will be covered more fully in chapter 9, "Aeronautical 
Drafting." 

Nickel is a hard, malleable, and ductile metal. It is re- 
sistant to corrosion and is therefore often used as a coating 
on other metals. Combined with other metals, its effect is 
to make the alloy hard, strong, and ductile. It also imparts 
greater resistance to oxidation and corrosion. 

True brass is an alloy of copper and zinc. Complex 
brasses are those containing additional alloying agents, such 
as aluminum, lead, iron, manganese, or phosphorus. Naval 
rolled brass is a true brass containing about 60 percent copper 
and 40 percent zinc. It has a high resistance to corrosion. 
Brass comes in sheets, strips, bars, and wire spring, or it may 
be used for castings. 

Bronze made of 84 percent copper and 16 percent tin was 
the best metal available for a great many uses before steel- 
making techniques w r ere developed. The first good naval 
cannon was made of bronze about 500 years ago. Although 
bronze was originally an alloy of copper and tin, many com- 
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plex bronze alloys containing three or more elements have 
been developed. Therefore, there is now no distinct line 
between brass and bronze. In fact, commercial bronze which 
is used for hinges and other hardware is really a brass con- 
taining 90 to 95 percent copper and 5 to 10 percent zinc. 

Copper-nickel alloy is found extensively aboard ship be- 
cause of its high resistance to the corrosive effect of salt 
water. It is used in piping and tubing, and in sheet form, 
it is used to construct small storage tanks and hot-water 
reservoirs. Copper-nickel alloy contains 70 percent copper 
and 30 percent nickel. It has the general working character- 
istics of copper, but it must be worked cold. Copper nickel 
is best jointed by the silver-brazing process. 

Monel contains from 64 to 68 percent nickel, about 30 per- 
cent copper, and small percentages of iron, manganese, and 
cobalt. In appearance, monel resembles stainless steel. In 
fact, it has many of the qualities of stainless steel. It is 
harder and stronger than either nickel or copper, but it can 
be easily worked. It has a very high resistance to corro- 
sion, and is so strong that it may be substituted for steel 
where corrosion resistance is of primary importance. These 
qualities make it valuable for use in pump parts, turbine 
blades, laundry equipment, steam valves, head fixtures and 
equipment, nuts, bolts, screws, and control parts. 

K-monel is a special improved type of alloy that is 
stronger and harder than ordinary monel. Its strength is 
comparable to that of heat-treated steels. It is used for 
instrument parts that must resist corrosion. 

Inconel is a nickel alloy containing 78 percent nickel, 14 
percent chromium, Qy 2 percent iron, and about 1 percent 
other elements. It has great resistance to corrosion and re- 
tains its strength at high temperatures. Exhaust systems of 
engines are often made of inconel. 

Hardness Tests 

The hardness of a substance may be defined as its resist- 
ance to penetration by another substance. Many methods 
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have been devised for measuring hardness of metals. Some- 
times they are tested by filing. If the file bites with great 
ease into the metal, it is very soft. If the file slides over 
the metal and its teeth become dull, the metal is extremely 
hard. In between these two extremes are soft, medium, 
and hard metals. The accuracy of the file test depends to a 
large extent upon the skill of the man using the file. 

However, the degree of hardness of the metal may be 
specified according to the number scales of special hardness 
tests, such as the Rockwell, Shore's Scleroscope, or Brinell. 
The Rockwell Hardness Test is based on direct measurements 
of the indentation in a piece of metal which is made by a 
spherical point of a given size and under given pressure. 
The reading is taken from a graduated dial on the face of the 
machine. The B scale is used for metals of average hard- 
ness and utilizes a point y 16 of an inch in diameter and a load 
of 100 Kg. The C scale is used for harder metals and a 
120-degree conical diamond point is used with a load of 150 
Kg. For example, R c 44-48 means that the hardness of 
the metal part is between 44 and 48 on the C scale of the 
Rockwell Hardness Test. 

Heat Treatment 

Cutting tools, chisels, twist drills, and many other pieces 
of equipment and tools must be hardened to enable them to 
retain their cutting edge. Surfaces of roller bearings, par- 
allel blocks, and anvils must be hardened to prevent wear 
or penetration. 

Metals are heat treated to produce changes in their struc- 
ture and physical properties. These changes are produced 
by variations and (1) the temperature to which the metal is 
heated, (2) the rate of heating, (3) the time the metal is 
kept at the correct or critical temperature, (4) the furnace 
atmosphere, and (5) the cooling process and medium. There 
are several forms of heat treating. The most common for 
ferrous metals are annealing, normalizing, and hardening, 
which includes tempering and case-hardening. 
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The purposes of annealing are to induce softness, reduce 
stresses, change the ductility, or improve the grain structure 
of metals which may have been impaired by unequal heat- 
ing or by machining processes. Annealing is accomplished 
by heating the metal to a point above the critical tempera- 
ture, holding it at this temperature until the grain structure 
has been refined, and then uniformly cooling it under con- 
trolled conditions. Annealing is often used for softening 
nonferrous alloys and pure metals after they have been hard- 
ened by cold work. Some of these alloys require annealing 
operations which are different from those for steel. For 
example, duralumin is heated to 986° F. and then cooled 
very rapidly by quenching in water. It is workable for 
about 45 minutes, after which time it becomes hard again. 
Copper may also be annealed by quenching. 

Normalizing is a process very similar to annealing, but 
it is done for different reasons. Normalizing is done to 
improve and equalize the grain structures of forgings and 
castings that contain stresses and strains caused by forging 
work, uneven cooling of castings, or other reasons. The 
metal is heated to from 50° to 100° above its normal harden- 
ing temperatures and allowed to cool evenly in air. 

Hardening of metals and alloys is done in several ways. 
To harden steel, it is heated to a little more than the critical 
temperature. Then it is cooled rapidly by being quenched 
in oil, fresh water, or brine. The most commonly used 
quenching medium is fresh water, but it is sometimes neces- 
sary to use oil for high carbon and alloy steels to prevent too 
rapid quenching, which would result in warping and crack- 
ing. This hardening operation gives the steel a fine grain 
structure, extreme hardness, greater tensile strength, and less 
ductility. In this condition, steel is sometimes harder than 
necessary and is generally too brittle for most practical 
uses. 

Tempering, a process which follows hardening, is generally 
applied to steel to relieve the strains that are brought about 
during the hardening process. Tempering is done by heat- 
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ing the hardened steel to a temperature below the critical 
range, holding this temperature for sufficient time for it to 
completely penetrate the piece, and then cooling in water, 
oil, or air. 

Case-hardening is another hardening process of heat treat- 
ing, by which the outer surface of a piece of metal is hard- 
ened, leaving the inner part relatively soft and tough. This 
is usually done by using metal that is originally low in carbon 
and adding carbon to the outer surface by various means and 
then hardening. Carbon is usually added by packing the 
metal in a substance high in carbon content and heating 
the metal above the critical range. The length of time the 
piece is left in the oven at this temperature determines the 
depth to which carbon is absorbed. After it has been in 
the oven the proper length of time, it is allowed to cool 
slowly to room temperature. The part is then hardened 
in the same manner as carbon tool steel. 

Cyaniding is the term applied to the superficial case- 
hardening process in which steel, when heated to the proper 
temperature, absorbs a combination of nitrogen and carbon. 
The cyanide compound now used is a mixture of sodium 
cyanide and sodium chloride. It gives best results when 
used in a bath. 

Nitriding is a case-hardening process that has been devel- 
oped in recent years. This method requires a special steel — 
nitralloy — designed to absorb nitrogen. Elaborate treat- 
ing equipment is required, and the process is more expensive 
than carburizing or cyaniding. 

On the drawing, the heat treatment for a part may be 
indicated in several ways. A general note may list the steps, 
temperatures, etc. A hardness-test number or the tensile 
strength (psi) required for the part may be given. 

PLASTICS 

Although the use of plastics is relatively new, it will be 
increasingly important in the future. Plastics are generally 
considered to be organic compounds that are capable of being 
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formed or molded. They have been designed to perform 
particular functions that no natural material can attempt 
to equal. They can be obtained in all varieties of color and 
form. Some are more transparent than glass. Some are 
as tough, but not as hard, as steel. Some are as pliable as 
rubber. Some are lighter than aluminum. They are gen- 
erally classified as thermoplastic or thermosetting. 

Thermosettings are plastics which must be heated to be 
hardened. They are sometimes referred to as heat-hardened. 
They are very hard, tough, and brittle. Whenever thermo- 
settings are placed in a flame, they will not burn readily, 
if at all. If the plastic is immersed in hot water and allowed 
to sit, the plastic will neither soften nor absorb moisture. 

Thermoplastics require no heat to harden. In fact, when 
heat is applied to them, they will either melt or become soft 
and pliable. When they are immersed in hot water and al- 
lowed to sit, they will soon become sufficiently soft and pliable 
to bend and, when they are cooled, will retain whatever 
shape they may have been given. Some thermoplastics may 
even absorb a certain small portion of the moisture. 

In the Navy, the following groups of plastics are most 
commonly used: phenol-formaldehyde plastics, commonly 
called phenolics; polymethyl methacrylate, called acrylics; 
polystyrene, called styrene ; cellulose acetate plastics, called 
acetate ; and laminated plastics. 

Phenolics are thermosetting plastics, and they are molded 
into such shapes as pump impellers, control wheels, utility 
boxes, telephone handsets, bayonet handles, and some elec- 
trical fittings. They are reproduced in steel molds, are 
smooth in appearance, and have excellent mechanical dura- 
bility. Once hardened, or cured, phenolics cannot be sof- 
tened again to any appreciable extent, since they are thermo- 
settings. Some of the familiar names found in the molded 
phenolics are Bakelits, Durez, Plastone, and Uniplast. 

The acrylics, 8TYRENE8, and acetates are identical in 
appearance, and all three are thermoplastics. This, how- 
ever, is as far as their mutual attributes go. 
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Acrylics are thermoplastic materials, which may be sof- 
tened an infinite number of times by the application of heat 
Besides the unusual clarity of the acrylic sheets, a good 
dimensional stability and the ability to withstand sunlight 
are inherent factors. Acrylics are available in rods, sheets, 
and tubes, as well as molding powders from which crystal- 
clear products may be produced. Acrylic plastics are 
especially valuable for making cockpit and gun-turret en- 
closures for planes. Compared to glass, acrylics still have 
one serious drawback — they are scratched more easily. 

Styrene, another transparent material, exhibits some of 
the most outstanding properties of all plastic materials, in- 
cluding excellent chemical resistance, low specific gravity, 
good electrical properties, and low water absorption. 

Cellulose acetate is developed in three chief grades for 
use as films, plastic articles, and lacquers. The plastic grade 
is readily compounded into molding powders and into mis- 
cellaneous sheets, rods, and tubes. It is cheaper than acrylic 
plastic for transparent enclosures but discolors with age 
and is less durable. 

Laminated plastics are made by dipping, spraying, or 
brushing flat sheets, or continuous rolls, of paper, fabric, 
or wood veneer with resins, then pressing several layers to- 
gether to obtain hard, rigid structural material. The num- 
ber of layers pressed together into one sheet of laminated 
plastic will depend upon the thickness of the sheet desired. 
The choice of paper, canvas, wood veneer, or glass fabric 
will depend upon the end use of the product. Paper-base 
material is thin and quite brittle. It will break if you 
bend it sharply, but the canvas-base material will be difficult 
to break. Paper-base material gains strength through a 
greater number of layers but is never as tough and strong as 
layers of glass fabric or canvas in a laminated part. 

Laminated phenolics are used in many ways aboard ship. 
For example, laminated gears are found on internal com- 
bustion engines, usually as timing for idler gears, on laundry 
equipment, and on certain pumps. In comparison with metal 
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gears, plastic gears are much quieter in operation, pick up less 
heat when friction is established, and wear longer. 

The Navy has now developed methods of molding lami- 
nated plastic articles of considerable size. Among these are 
plastic boats. These boats are light in weight, moisture- 
proof, strong, and can be produced from readily obtainable 
materials at a tremendous saving in man-hours. 

PRODUCTION OF METAL PRODUCTS 

Most metal products are produced by either casting, forg- 
ing, or fabrication of rolled shapes. For articles that re- 
quire a high finish or close dimensional tolerances, these 
processes are followed by machining. Some of the newer 
processes in manufacturing metal products are die casting 
and sintering, but these are rarely used in the Navy. 

Casting 

Casting is that process in which metal is melted and poured 
into molds where it is allowed to cool and harden, resulting 
in a metal product of specified size and shape. (See fig. 
5-1.) Molds are usually made of sand with a small amount 
of some cohesive material mixed in. The molds are shaped 
by packing the sand around a pattern made either of wood 
or metal. In the cooling process, there is a great deal of 
shrinkage of the metal, and this must be allowed for by the 
patternmaker. Also, in order for the metal part to be re- 
moved from the mold after the metal has hardened, the sides 
of the pattern must be made with a draft, which means that 
they taper. For a better understanding of this work, read 
Patternmaker 1 and C, NavPers 10579. 

A detail drawing of a part to be cast may merely show the 
dimensions of the finished piece, and the shrinkage and draft 
may or may not be indicated in notes, depending on local 
practices. On the other hand, a separate detail drawing 
may be made showing the draft and giving only those dimen- 
sions needed by the patternmaker. In this case, both the 



109 




Figure 5—1. — Pouring liquid metal into the mold. 



drawing of the cast part and of the finished part may be 
included on one sheet for use first by the patternmaker and 
then by the machinist, or they may be drawn on separate 
sheets. 

Rolling 

Rolled steel comes in a great variety of shapes and in prac- 
tically any length that can be shipped. When steel intended 
for rolling comes from the furnace, it is cast into ingots; 
that is, pieces of suitable shape and size for the rolling mill 
to handle. After a process of controlled cooling, called 
soaking or seasoning, and perhaps reheating, the rolling 
process is begun. Each time the ingot passes through the 
rolls, it comes out a little longer and a little nearer to the 
desired shape and size. Machine parts are often made of 
cold-rolled steel or cold-drawn steel on which the final shap- 
ing is done after the metal cools. The cold working gives 
the steel extra toughness and other desired qualities. 
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Forging 

Forging is perhaps the oldest method of working metal. 
This simply means that the metal is hammered into the de- 
sired shape after it has been heated to a plastic state. (See 




Figure 5— 2.— Forging a hot cuttor. 



fig. 5-2.) Forging may be done by hand or by power ham- 
mer, or a part may be drop forged, which means that the 
plastic metal is shaped by pressure between forming dies. 

Extruding 

The extrusion process involves the forcing of hot metal 
through an opening in a die, causing the metal to take the 
shape of the die. A cylinder of aluminum, for instance, is 
heated to around 750° to 850° F. and is then forced through 
the opening of a die by a hydraulic ram. Some of the softer 
metals may be extruded cold, but generally metals are heated 
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before the operation is begun. Many aircraft structural 
members are formed by the extrusion process. 

Machine Shop Work 

Machine finishing may be done by either cutting or grind- 
ing the metal away. Grinding produces a smoother surface 
and is usually used only after a cutting process. In the past, 
parts produced by mass production had to be matched with 
each other for proper fit at assembly. The mass production 
of machine parts can now be held within .001 in accuracy, or 
even closer if necessary. Thus, a repair part for any ma- 
chine fits and operates just as well as the original part. 

The most common cutting operations consists of turning, 
planing, milling, and drilling. For turning, which in- 
cludes the forming of surfaces such as cylinders, cones, and 
screw threads, the lathe or the boring machine is used. An 




Courtesy Cincinnati Lathe & Tool Co. 
Figure 5-3. — An engine lathe. 
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Courtesy South Bend Lathe Work* 
Figure 5-4. — A rough turning. 




Courtesy South Bend Lathe Work* 
Figure 5—5. — Boring an eccentric hole. 
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engine lathe, which is used for turning out individual pieces 
but not intended forma-- production work, is shown in figure 
5-3. It can be used for outside turning, facing, boring, 
t a | km* t urning. drilling, t Invading inside or outside, knurling, 
and spring winding. With proper attachments, it can also 
be used for grinding and milling in a limited degree. (See 
figs. 5-4 and 5-5.) If a great number of pieces are to be 
made, a turret lathe or an automatic lathe is better for the 
purpose. 




Courtesy Cincinnati Shaper Co. 
Figure 5*6. — Standard shaper. 



Planing, or surfacing, is done on planers, shapers, and mill- 
ing machines. On a shaper, the piece is held on a table in a 
vise or by clamps while a ram moves the tool across it with 
a reciprocating motion. The table is moved between each 
stroke by a ratchet-and-lead-screw mechanism. The result 
is a true, flat finished surface on the piece. (See figs. 5-6 and 
5-7.) The shaper can also be used to cut V-blocks, key ways, 
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Courtesy Cincinnati SKaper Co. 
Figure 5—7. — Shaper ram head at work. 



dovetails, and a number of other intricate shapes. Special 
shapers are now widely used for the cutting of gear teeth. 

The action of a planer is similar to that of a shaper, except 
that on a planer, the cutting tool remains stationary while the 
work is moved past it with a reciprocating motion. Planers 
are used for most heavy w r ork. 

A milling machine has revolving cutters with teeth that re- 
move metal in a small chip at a time. (See fig. 5-8.) Its 
action is similar to that of a saw. In fact, very thin milling 
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cutters are called metal catting saws. The work is fed 
slowly and uniformly against t he cutter by the action of a 
lead screw in the table on which the work is mounted. (See 
fig. 5-9.) Milling ciltten DOOM in a wide variety of shapes. 




Courtesy Kearney and Trecker Corporation 
Figure 5—8. — A milling machine. 

(See fig. 5-10.) Gears can be produced on a milling machine 
by the use of gear tooth cutters. (See fig. 5-11.) The 
process is slow, however, and special gear-cutting machines 
have been designed for mass production work. 

Holes up to 3 inches in diameter are cut with a drill in a 
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Courtesy Kearney and Trecker Corporation 
Figure 5-9. — Four set-ups: A. Heavy duty face milling. B. Light and medium 
face milling. C. Heavy duty side and slab milling. D. Light and medium 
side and slab milling. 




Courtesy Brown and Sharpe Mfg. Co. 
Figure 5-10. — Milling machine cutters. 
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drill press. (See fig. 5-12.) If the work cannot be moved, 
small-sized drill hits can be used in a portable hand drill or 
an electric drill. For a hole of very accurate size and good 
interior finish, a reamer is used. (See fig. 5-13.) Figure 
5-14 shows a number of drills. Straight shank and taper 
shank drills are most common. 

Large holes or holes for which no drill bit is obtainable 
can be bored with special cutting tools and tool holders either 
on a lathe or a boring machine. The boring machine is gen- 




Figure 5—1 1. — Cutting a gear. 
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erally used for large and heavy work such as interiors of 
pump or steam cylinders or large bearings. 

Most grinding machines may be classified as surface 
grinders or cylindrical grinders. Surface grinders are used 




Courtesy of the Cincinnati Bickford Tool Co. 
Figure 5-12. — A radial drill press. 

to produce a fine finish on a flat surface. A surface grinder 
with a permanent magnet type of chuck is shown in figure 
5-15. 

Cylindrical grinders are used to produce a finish on sur- 
faces of revolution, such as cylinders or cones. On some 
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STRAIGHT FLUTED REAMER 




EXPANSION REAMER 



Courtly of the Cleveland Ttoiet Drill Co. 
Figure 5-13. — Types of rtomirt. 

cylindrical grinders, the work is rotated between centers as 
on a lathe, while the grinding wheel, revolving at a much 
higher speed, passes over it. Another type is known as a 
centerless grinder. In this type, a regulating wheel, usually 
of the same material as the grinding wheel, controls the rate 
of feed and the speed of rotation of the work. 

For a more detailed description of machine shop practices, 
read Machinery Repairman 3 and 2, NavPers 10530. 





Figure 5-14. — Typas of twist drills. 
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Courtesy Brown d Sharpe Manufacturing Co. 
Figure 5—15. — Surface grinder. 



DRAWING OF MACHINE PARTS 

Certain machine operations require special symbols or 
dimensioning on the drawing. The finish symbol is dis- 
cussed briefly in Draftsman 3. The machining and dimen- 
sioning of drilled, reamed, and tapped holes, and the dimen- 
sioning of fasteners are also discussed, A short introduction 
is given to welding methods and symbols. The Military 
Standards covering these subjects are listed in chapter 1 
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SPUR GEAR HELICAL GEARS HERRINGBONE GEARS 




HYPOID GEARS SPIRAL GEARS WORM GEAR 




ELLIPTICAL OR INTERNAL INTERMITTENT GEARS 

ECCENTRIC GEARS 

By permi$sion from Gear Cutting Practice, 
by Colvin and Stanley. Copyright 1937. 
McOraw-Hill Book Company, Inc. 

Figure 5—16. — Twelve common types of gears. 
122 



on page 6 of this training course. You should have available 
a copy of each of these. You may obtain them from your 
educational services officer who orders them from the nearest 
naval district publication and printing office. 

Gears 

Aboard ships and at naval shore facilities, gears have al- 
ways been highly essential elements of machinery. In the 
modern Navy, the emphasis on speed, power, and compact- 
ness in naval machinery has created special problems for the 
gear designer. The 12 types of gears most commonly used 
are shown in figure 5-16. The four types which are ordinar- 
ily cut in machine shops are spur gears, bevel gears, helical 
gears, and worm gears. 

To better understand gears, first consider the action of 
smooth-faced cylinders or wheels in rolling contact. Figure 




Figure 5*17. — Movement of two cylinder! in rolling contact. 
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5-17 shows two cylinders, one with a diameter of 4 inches 
and the other with an 8-inch diameter. If a point is marked 
near the edge of each of the cylinders and the cylinders are 
rotated, one mark will have moved an inch when the other 
has moved an inch. If the smaller wheel makes ^ of a revo- 
lution, the mark on it moves 6^4 inches along the circum- 
ference. At the same time, the larger wheel moves 6*4 inches 
as well, but it makes only % of a revolution. If the smaller 
wheel makes a complete revolution, the larger wheel will 
make ^ of a revolution. The smaller wheel must make two 
complete revolutions to one revolution for the larger. Thus 
the speed ratio (2: 1) is the inverse ratio of the circumfer- 
ence (4tt : Sn) , and it is also the inverse ratio of the diameters 
(4:8). 

If there were 10 gear teeth on the wheels to each inch of 
diameter, the speed ratio would become the inverse ratio 
of the number of teeth (40 : 80) . In order to form the teeth 
on these cylinders, the upper part of each tooth would have 
to be built up from the smooth face of the cylinder and 
material removed between the teeth to a slightly greater 
depth below the face of the cylinder. The 4-inch and 8-inch 
diameters would then exist only in theory. Nevertheless, 
these imaginary circles play an important part in the design 
of the gears and are called the pitch circles. Of course, in 
practice, gear teeth are never built up. The gear is turned 
out as a blank to the correct outside diameter, and metal is 
removed to the whole depth of the teeth. 

Other terms used in describing gear teeth are illustrated 
in figure 5-18. 

Pitch diameter (PD). — Diameter of the pitch circle (or 
line) which equals the number of teeth divided by the dia- 
metral pitch. 

Number of teeth (N). — The diametral pitch multiplied 
by the diameter of the pitch circle (DP x PD). 

Diametrical pitch (DP). — The number of teeth to each 
inch of the pitch diameter or the number of teeth divided 
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by the pitch diameter. Diametral pitch is usuallj referred 
to simply as pitc h. 

Addendum circle (AC)- — The circle over the tops of the 
teeth. 

Outside diameter (01)). — Diameter of the addendum 
circle. 

Circular pitch (CP). — Length of the arc of the pitch 
circle between the centers or corresponding points of adjacent 
teeth. 




DEDENDUM CIRCLE 

Courtesy International Textbook Co. 
Figure 5—1 8. — Gear tooth nomenclature. 

Addendum (A). — The height of the tooth above the pitch 
circle or the radial distance between the pitch circle and the 
top of the tooth. 

Dedendum (D). — The length of the portion of the tooth 
from the pitch circle to the base of the tooth. 

Chordal pitch. — The distance from center to center of 
teeth measured along a straight line or chord of the pitch 
circle. 

Root diameter (RD). — The diameter of the circle at the 
root of the teeth. 
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Clearance (C). — The radial distance between the bottom 
of a tooth and the top of a mating tooth. 

Whole depth (WD). — The distance from the top of the 
tooth to the bottom, including the clearance. 

Face. — The working surface of the tooth above the pitch 
line. 

Flank. — The working surface of the tooth below the pitch 
line. 

Thtcknes8. — The width of the tooth, taken as the chord of 
an arc of the pitch circle. 

Circular pitch is the distance in inches measured from 
the intersection of the face and flank of one tooth to the 
same point on the adjacent tooth. That is, it is equal to 

or I5F* ^ a rac ^» ^ * 8 ca ^ e ^ line** pitch. 

Before the days of form cutters, indexing devices, and gear- 
cutting machines, most gears were cast from patterns and 
then filed more or less into shape. Circular pitch was then 
used to designate the size of the gear teeth, and easily meas- 
ured pitches, such as ^4 inch, y 2 inch, % inch, were used. 
When making a pattern, the patternmaker used the circular 
pitch or the chordal pitch to space the teeth in the gear. 

Today, circular pitch is used only in calculations for gears 
of coarse pitch, because for smaller pitches, a simpler and 
better system has been devised. This is the diametral pitch 
system, which is based on the diameter of the pitch circle, 
rather than on the circumference. With this system, index- 
ing devices may be set to accurately space the teeth and there- 
fore there is seldom any need to calculate circular pitch or 
chordal pitch. Mating gears must always have the same 
diametral pitch. 

Spur gears may be distinguished by the fact that the teeth 
are cut squarely across the outer rim of the gear blank in a 
direction parallel to the gear shaft axis. (See fig. 5-18.) 
On a standard involute spur gear, the tooth of one gear 
bears against the tooth of the mating gear at an angle of 
14% degrees. This is called the pressure angle. Another 
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spur gear tooth is the 20° stub tooth. It is much like the 
standard 14^° tooth, except that it has a pressure angle of 
20 0 and is a shorter tooth. ( See fig. 5-19. ) 

The working depth of a spur gear tooth is equal to 2 di- 
vided by the pitch. That is, 12-pitch teeth are % 2 -inch 




A B 

Figure 5-19. — A. A standard 14 % ° spur gear teeth. B. A 20° spur gear stub 

teeth. 

deep and 8-pitch teeth are %-inch deep. Remember that 
pitch means the number of teeth to each inch of the pitch 
diameter, or the number of teeth divided by the pitch diam- 
eter. Conversely, the pitch diameter is equal to the number 
of teeth divided by the pitch. 

It is seldom necessary to draw an entire gear in detail, or 
even to draw any teeth at all. A conventional working 
drawing of a spur gear is shown in figure 5-20. To draw a 
gear that has 24 teeth and 8 pitch, divide the 24 by 8 to get 
3 inches, the pitch diameter. Draw the pitch circle with this 
diameter. (See fig. 5-20.) Note that the pitch circle is 
usually indicated by a broken line with long and short dashes 
alternating. Since the working depth will be equal to 2 
divided by the pitch 8, or %, the outside circle should be 
drawn with y s of an inch greater radius than the pitch circle, 
and its diameter will be 3% inches. The root circle should 
be drawn with y s of an inch smaller radius than the pitch 
circle, or 2% inches in diameter, except when allowance is 
also made for clearance. 
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The clearance can be found by dividing a constant by the 
pitch. For standard involute teeth, the constant used is 
0.157. Clearance is provided in the shape of the formed 
cutter. It is not always necessary, however, to calculate the 
clearance for the purpose of drawing a root circle. 




Although it is seldom necessary for the draftsman to draw 
gears in detail, he should know how to draw at least one 
form of gear with the teeth. For this reason, instructions 
on drawing an involute tooth form on a wheel and rack are 
included here. The diameter of the pitch circle (PD) on the 
wheel is given as 12 inches and the number of teeth (N) as 
36. It would be well for you to review at this time the 
general instructions on involute curves in chapter 4. 

L The values in inches are found, to three decimal places 
when necessary, for each of the following dimensions : 
DP (pitch) ■ X. 

PD 

WD (whole depth of teeth) = 2 . 

DP 

A (addendum) = WD. 

2 
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OD (outside diameter) = PD+2A. 
D (dedendum) =A=WD. 

2 

RD (root diameter) =PD- 2D. 
CP (circular pitch) = 3.1416. 

DP 

T (thickness of teeth) =CR 

2 

2. Locate the center of the wheel and draw the pitch circle 
with a radius of V2 the pitch diameter. Draw the center lines 
of the wheel, and at the point where the vertical center line 
intersects the bottom of the pitch circle, draw a horizontal 
line to represent the pitch line of the rack. ( See fig. 5-21 A. ) 

3. In order to draw the teeth by the approximate method 
given here, a circle called the base circle, which falls be- 
tween the pitch circle and the root circle, must be drawn. 
In order to locate this circle, draw a line inclined at an angle 
of 15° through the intersection of the vertical center line 
and the pitch circle, and a second line from the center of the 
wheel inclined at an angle of 15° to the vertical center line. 
(See fig. 5-21 B.) The distance from the intersection of 
these two lines and the center of the wheel is the radius for 
drawing the base circle. Fifteen degrees was selected be- 
cause it is a convenient angle to draw and closely approxi- 
mates the 14^2 degree pressure angle of the teeth. 

4. Set the small dividers at a distance equal to the thick- 
ness of the teeth and lay off the teeth on the pitch circle and 
then on the pitch line of the rack. The sides of the teeth in 
the rack are drawn at an angle of 15° with the vertical, as 
shown in figure 5-21E. The sides of the teeth in the wheel 
are drawn with a radius r as indicated in figure 5-21D. 

5. With a center on the base line, draw an arc with a radius 
of x to y through one of the points laid off with the dividers 
and repeat the procedure for all other points. In order to 
determine where the center should fall on the base circle, 
first draw an arc cutting the base circle with a center on 
one of the points on the pitch circle. Both sides of the teeth 
may be drawn by this method. (See fig. 5-21D.) 
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6. In completing the teeth of the wheel, draw fillets with 
a radius of y 16 inch connecting the sides of the teeth with the 
clearance circle. There are no fillets in the rack shown in 
this drawing. (See fig. 5-21E.) 

Hack teeth. — A rack may be compared to a spur gear that 
has been straightened out. The pitch of the rack teeth must 
equal the circular pitch of the mating gear. The depth of 
the tooth is calculated in the same manner as the depth of a 
spur gear tooth. 

Internal spur gears. — Internal gears may be considered 
as circular metal bands with teeth on their inside surfaces. 
(See fig. 5-16.) These gears are proportioned like a stand- 
ard spur gear turned outside in, or with dedendum and ad- 



WORKING OEPTH 




A Jter a drawing from Gear Cutting Practice, by 
Colwin and Stanley. Copyright 19 S 7 McGraw- 
Hill Book Company, Incorporated 

Figure 5—22. — Ports of a bevel gear. 
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dendum in reverse positions. The rules for finding the 
dimensions of an internal spur gear, therefore, are similar 
in most cases to those for external gears. 

Stub tooth gears. — Stub involute tooth gears are largely 
used in automotive drives because of their strength. This 
type of gear tooth has a 20° pressure angle and is short and 
thick. (See fig. 5-19.) Three systems of stub tooth gear- 
ing are in general use. These are the Nuttall, the Fellows, 
and the American Standards Association. 

Bevel gears have teeth cut on an angular face for trans- 
mitting motion between shafts that are set at an angle to each 
other but are in the same plane. (See fig. 5-16.) When the 
gears have the same number of teeth and their shafts are at 
right angles, they are usually referred to as miter gears. 

In addition to the gear nomenclature already given, you 
should know a few more terms which apply only to bevel 
gears. The names of the parts of a bevel gear are given in 
figure 5-22. 

Laying out a bevel gear is more complicated than laying 
out a spur gear. A full section of a gear, fully dimensioned, 
will usually serve as a working drawing. The gears shown 
in figure 5-23 have an 8 pitch. One gear has 32 teeth, and 
the mating gear has 16. The shaft intersection is at 90 
degrees. 

First draw the center lines intersecting at 90° at the center 
point O y as shown in figure 5-23 A. Then locate the pitch 
lines. Since the gears are 8 pitch, the pitch diameter will be 
as many eighths of an inch long as there are teeth in each 
gear. There are 32 teeth in the larger gear, therefore the 

pitch diameter will be -5- or 4 inches. Draw lines paral- 

lei to the center line for the gear and 2 inches on each side of 
it to define the limits of the pitch line, as shown in figure 
5-23A. Locate the pitch line of the smaller gear in the 
same manner. Since there are 16 teeth in this gear, the 

16 

pitch line, or pitch diameter will be — or 2 inches, extend- 

o 

ing 1 inch on each side of the center line. 
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Figure 5—23. — Working drawing of a bevel gear. 



Then draw lines through the end points of the pitch lines 
to the center O. These lines are the pitch cones and 0 is 
the cone vertex. (See fig. 5-23B.) Perpendicular to the 
pitch cone elements, draw the lines that form the material 
conical surfaces of the gear teeth. On these lines, lay off the 
addendum and dedendum of the gear teeth. Since the teeth 
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are 8 pitch, each of these will be % of an inch from the pitch 
line. ( See fig. 5-23C. ) Note that the addendum of one gear 
is the dedendum of the other and vice versa. No allowance 
for clearance has been made on this drawing. If clearance 
is to be allowed for, two other lines must be drawn slightly 
further from the pitch line. 

Draw lines from these points to the cone center 0, forming 
the faces and bottom of the teeth. Then draw the lines defin- 
ing the width of the gear face. (See fig. 5-23B.) Note that 
the width of the gear face is made Vs the pitch cone radius 
for gears up to 3 inches in pitch diameter, and Vi the pitch 
cone radius for gears with 3 to 20 inches of pitch diameter. 

Finally, complete the drawing of the gears, including sec- 
tion lining and dimensioning. ( See fig. 5-23D. ) 

Worm gearing is used when a large reduction in velocity is 
desired or when considerable increase in mechanical advan- 
tage is required. As shown in figure 5-16, a worm gear set 
combines a screw or worm with a worm wheel which has heli- 
cal teeth and is mounted on a shaft, usually at right angles to 
that of the worm. 

Helical gears, often incorrectly referred to as spiral or 
skew gears, have teeth cut across the outer rim of the gear 
blank at an angle to their axis, so that they are similar to 
the thread of a screw. (See fig. 5-16.) Helical gears are 
commonly made with a tooth angle of 45°, since this angle 
provides a very efficient and durable gear, although any angle 
which permits the teeth to engage properly may be used. 

Helical gears may be used to transmit power between shafts 
that are parallel or between shafts that are not parallel and 
not in the same plane. Their action is smoother and quieter 
than spur gears, but they develop more tooth friction and 
produce a certain amount of end thrust on the shaft. 

Helical Springs 

Helical springs may be wound of either wire or flat mate- 
rial. A familiar form of flat spring is the spring lock- 
washer. Wire springs may be drawn in true orthographic 
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projection, or they may be drawn as conventional repre- 
sentations. 

The method of drawing a true helical spring in detail is 
shown in figure 5-24. The center line of the coil is a true 




T 

Figure 5—25. — lUprtuntatloru of common typos of helical springs. 

helix drawn as described in chapter 4. Along this helical 
line, a number of circles of the diameter of the wire are 
drawn. These are then enclosed in curves which form the 
outline of the spring. 

This true method is seldom used, however, and springs, 
like screw threads, are usually drawn with straight lines. 
In this case, the only difficulties may consist of getting the 
correct number of coils in the required space and finishing 
the squared or ground ends. Sometimes the neatest and most 




Figure 5—26. — Single line representations of springs. 
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satisfactory way of drawing a spring is in cross section. 
Figure 5-25 shows views of common types of helical springs. 
Note that the ends may be squared, ground, or both squared 
and ground. 

Springs may be drawn as single lines on working or as- 
sembly drawings. (See fig. 5-26.) 

QUIZ 

1. What is the difference between ferrous and nonferrous metals? 

2. What is the product of the blast furnace caUed? 

3. Name three important ferrous metals made by refining pig iron. 

4. What qualities of cast iron cause it to be limited in use? 

5. What two things are present in all steels? 

6. How does low carbon steel differ from steel with a higher carbon 
content? 

7. What is one of the most utilized qualities of copper? 

8. Name (a) one important alloy containing zinc ; (b) one important 
use of pure zinc. 

9. Why is pure aluminum usually combined with alloying elements 
such as magnesium, copper, nickel, and silicon? 

10. What are the most common forms of heat treating for ferrous 
metals? 

11. What are the principal differences between thermoplastic and 
thermosetting plastics? 

12. Why are some metal products which have been produced by cast- 
ing or rolling later machined? 

13. What is casting? 

14. What does the draft of a casting refer to? 

15. What is forging? 

16. What does the process of extruding involve? 

17. Name the common cutting processes of machine finishing. 

18. Why is a grinding process used on a metal part? 

19. Where will most of the material and articles supplied by the 
Navy be listed? 

20. What is the diametral pitch (DP) of a gear? 

21. (a) What is the addendum (A) of a gear? (b) Dedendum (D)? 

22. What distinguishes a spur gear from other types of gears? 

23. Are the teeth usually drawn on working drawings of spur gears? 

24. What are bevel gears? 
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CHAPTER 



DEVELOPMENT OF SURFACES 

INTRODUCTION 

A surface has two dimensions — length and width. It is 
bounded by lines which are either straight or curved. The 
surface itself may be plane, plane-curved as the peripheral 
surface of a cylinder, warped as the surface of a screw thread, 
or double curved as the surface of a sphere. A plane surface 
is flat. A plane curved surface can be unrolled and laid out 
flat. This is called developing the surface. A warped sur- 
face or a double-curved surface cannot be developed except 
approximately. 

In figure 6-1, a number of three-dimensional figures are 
illustrated. Try to form a mental picture of what would 
happen if the surfaces of these figures were unfolded or un- 
rolled and laid out in a flat plane. The polyhedrons, of 
course, would be merely a system of connected squares, tri- 
angles, or other polygons. A cylinder with parallel ends 
would unroll into a parallelogram. A cone would unroll into 
a section of a circle. However, warped surfaces could not 
be made to lie flat, and double-curved surfaces present a 
similar problem. 

Warped and double-curved surfaces can be produced in 
sheet metal only through the application of pressure in such 
a way as to cause a flow of metal sufficient for the shape to be 
retained after the pressure is released. For example, auto- 
mobile fenders and body sections are made in this way. 
Concentric articles, like metal bowls, can be spun from flat 
sheet metal on a lathe. Pressure is applied with tools made 
for the purpose while the metal is spinning. 
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Figure 6—1 . — Three-dimensional shapes. 
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Rgvr* 6—3. — A. Parotid development. 1. Radial development. C. Develop- 
ment by trtongulation. 



In the Navy, development is used for many types of sheet 
metal work, such as ducts for heating, ventilating, and air 
conditioning systems, parts for boats, ships, and airplanes, 
and structural features involving the use of sheet metal or 
metal plates. A development may be drawn directly on the 
metal or a paper pattern may be made. 

The developments worked out in this chapter do not in- 
clude allowances for seams, because these vary according to 
the material used and its thickness. Considerable knowledge 
of shop work is necessary in order to choose the best type of 
seam for any particular piece and in order to cut the develop- 
ment out of the metal without errors and waste. Note that 
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most of the developments in this chapter provide for the 
seam to fall on the shortest side when there is a choice. 
When a number of pieces of similar shape are to be cut from 
one sheet of metal, the seam may be alternated from side to 
side in order for the pieces to fit together without much 
waste metal between them. 

The three principal methods of developing the surface of 
three-dimensional objects are called parallel development, 
radial development, and tri a NOULATiON . Parallel develop- 
ment is used for surfaces such as those of prisms or cylinders. 
(See fig. 6-2 A.) Radial development is used for surfaces 
such as those of cones and pyramids, which may be said to 
be generated by a line of which one end remains fixed while 
the other end rotates about it. (See fig. 6-2B.) Triangu- 
lation is used for surfaces which do not lend themselves to 
either of the other two methods and to approximate the de- 
velopment of warped surfaces. (See fig. 6-2C.) 

Double-curved surfaces, such as the surface of a sphere, 
may be developed approximately by several methods which 
you will probably never have occasion to use in the Navy but 
which are interesting in that the identical methods are ap- 
plied in various map projections. A sphere may be cut 
into horizontal sections, or zones, which may be considered, 
and developed, as frustums of cones, as shown in figure 6- 
3A. A sphere may also be cut into equal meridian sections, 
called lunes, and these developed as if they were sections of 
cylinders. ( See fig. 6-3B.) 

PARALLEL DEVELOPMENT 

The surfaces of prisms and cylinders are made up of paral- 
lel elements or of elements that can be treated as parallel 
elements. For example, in figure 6-4, the steps in developing 
a rectangular prism are illustrated. 

1. In order to determine the length of all the edges of the 
prism, draw the front and top views in orthographic 
projection. (See fig. 6-4 A.) 
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Figure 6— 4.— Parallel development of a rectangular prism. 



2. Draw the development to one side of the front view so 
that the dimensions of vertical elements on that view can 
be projected to the development as shown in figure 6-4B. 

3. Transfer the dimensions of other elements from the top 
view. (See fig. 6-4C.) Notice that all bend lines are 
marked with crosses near their ends to distinguish them 
from outlines. 

4. To check the drawing, measure the lines of edges which 
are to be joined as illustrated in the pictorial drawing in 
figure 6-4D. Such edges must correspond exactly. 
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Figure 6—5. Development of o truncated hexagonal prism. 

In figure 6-5, the steps in the development of a truncated 
hexagonal prism are illustrated. 

1. Draw a front view and a bottom view of the prism in 
orthographic projection. (See fig. 6-5 A.) 

2. Since the true shape of the slanting plane and the 
length of the lines of its edges are not shown in these 
views, draw an auxiliary view as shown in figure 6-5B. 
Note that it is not necessary to draw the entire prism in 
the auxiliary view, since only the dimensions of the 
plane surface are required. 
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3. Project the lines of the front view horizontally as the 
first step in constructing the development. (See fig. 
6-5C.) 

4. Number the points of intersection of planes on the bot- 
tom view, and mark off line segments of the same length 
on the base line of the development. 

5. Erect vertical lines from these numbered points to inter- 
sect the lines projected from the front view of the prism. 
(See fig. 6-5D.) These intersections mark the corners 
of the prism. 

6. Connect the intersection points with straight lines. 

7. Draw the bottom of the prism attached to one of the 
sides at the base line. Draw the slanting plane at the 
top of the prism, as it is shown in the auxiliary view, 
attached to one of the sides. (See fig. 6-5E.) 

8. Check all measurements of edges to be joined as shown 
in the pictorial drawing in figure 6-5F, in order to be 
sure that they will coincide exactly. 

The development of a truncated cylinder, illustrated in 
figure 6-6, follows a very similar procedure. The cylinder 
is considered to be a prism with an infinite number of sides. 
In developing a cylinder, the number of sides must necessar- 
ily be limited, but the greater the number of sides, the more 
accurate the development is likely to be- 

1. To develop one-half of a two-piece elbow, first draw a 
front and bottom view of that piece in orthographic 
projection. (See fig. 6-6 A.) Since the elbow does not 
require an end piece, it is not necessary to draw an aux- 
iliary view showing the true shape of the ellipse formed 
by the cutting plane at the top of the cylinder. 

2. Divide half the circumference of the circle into a num- 
ber of equal parts. The parts should be small enough 
so that, when a straight line is drawn between division 
points, it will approximate the length of the arc. Pro- 
ject lines from these points to the front view, as shown 
in figure 6-6B. The resulting parallel lines on the front 
view are called elements. 
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Figure 6—6. — Development of a truncated cylinder. 
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3. Lay off the base line, called the stretch-out line, of the 
development. The length of this line may be calcu- 
lated as 7T times the diameter of the cylinder (3.1416 
xD). 

4. Divide the stretch-out line into twice the number of 
equal parts as the number on the half circle of the ortho- 
graphic view. (See fig. 6-6C.) 

5. Erect perpendiculars at each point, as shown in figure 

6. Using a T-square, project the lengths of the elements 
on the front view to the development. (See fig. 6-6D.) 

7. Using a french curve, join the resulting points of inter- 
section in a smooth curve. 

When the two pieces of the elbow are identical, it is only 
necessary to make one pattern. 

When a four-piece elbow is to be drawn, the same steps are 
followed to produce as many developments as may be re- 
quired. The orthographic view may be drawn of the whole 
elbow and the developments drawn beside each separate piece, 
as illustrated in figure 6-7. Here only one end and one 
middle development are drawn, since the other two pieces 
are identical with these. 

Intersections 

When two pieces, such as two cylinders or a cylinder and 
a prism, intersect, it is necessary to determine the exact 
points of intersection in order to make developments for the 
pieces that will fit together without gaps or unnecessary 
overlaps. These intersections are determined by carefully 
drawing the elements intersecting on orthographic views and 
then projecting or transferring these intersection points to 
the developments. In figure 6-8, for example, the steps in 
making developments for a T-joint are illustrated. The 
T-joint consists of two cylinders with equal diameters which 
intersect at right angles. 
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1. Draw a front view and a side view of the T- joint. A 
bottom view representing the open end of the other 
cylinder might also be drawn. However, since this cyl- 
inder is perfectly round, a semicircle may be drawn 
attached to the front view and the division points for 
the elements located on it. (See fig. 6-8 A.) 

2. Draw equally spaced divisions to locate the elements 
and project these division points to both cylinders. The 
points where the elements of one cylinder intersect those 
of the other define the intersection of the two cylinders. 
(See fig. 6-8B.) 

3. Draw the surface pattern of the projecting pipe at one 
side of the orthographic view so that the length of each 
element can be projected from the front view, as shown 
in figure 6-8C. 

4t. Draw the surface pattern of the cross pipe below the 
front view, projecting lines down from the branch pipe 
to locate the opening for it, as shown in figure 6-8D. 

When the T-joint is made of two cylindrical pipes of un- 
equal diameter, the procedure differs slightly. 

L Draw the orthographic views. 

2. Divide the smaller diameter branch pipe into equal 
parts, and draw the elements on this pipe in both views, 
as shown in figure 6-9 A. The length of each element 
is shown in the side view. 

3. Project lines from the upper end of each element in the 
side view to the front view, as shown in figure 6-9B. 
The intersections of these lines with the vertical lines 
drawn on the branch pipe define the intersection of the 
two pipes. 

4. Draw the line of intersection on the front view. 

5. Draw the surface pattern of the branch pipe to the left, 
continuing the projection lines to locate the ends of 
elements. (See fig. 6-9C.) 

6. Draw the surface pattern of the larger diameter main 
pipe beneath the front view, projecting lines down from 
the branch pipe to locate the opening for it, as shown in 
figure 6-9D. 
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After drawing in Drafting Simplified by Rotmans. 

Delmar Publishers, Inc. 

Figure 6-9. — Development of o T-joint with two cylindrical pipes of unequal 

diameter. 

Figure 6-10 illustrates the steps in drawing a round 
pipe joint made up of two cylindrical pipes of unequal diam- 
eter which intersect at an angle other than 90 degrees. 
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1. Draw the front and top orthographic views. The 
ellipse formed by the top of the branch pipe may be 
omitted at this point and drawn later. 

2. Draw the elements on the branch pipe in both views. 
(See fig. 6-10B.) 

3. Project lines down from the left end of each element 
in the top view to the corresponding element in the 
front view, and draw the line of intersection. (See 
fig. 6-10C.) 

4. Draw the ellipse formed by the end of the branch pipe 
in the top view, by projecting lines up from the upper 
end of each element in the front view to the correspond- 
ing element in the top view. (See fig. 6-10D.) 

5. Draw the pattern of the branch pipe to the right and 
perpendicular to the pipe as it appears in the front view, 
as shown in figure 6-10E. 

6. Draw the pattern for the main pipe to the left, with 
lines projecting from the intersection of the two pipes 
on the orthographic view to locate the opening for the 
branch pipe. (See fig. 6-10F.) 

When a pipe joint consists of a rectangular pipe inter- 
secting a round pipe at an angle other than 90 degrees, the 
procedure is similar. 

1. Draw the orthographic views, as shown in figure 6-11A, 
dividing the upper surface of the rectangular pipe in the 
top view by equally spaced elements. 

2. The points of intersection of these lines with the circle 
are then projected down to the upper and lower surfaces of 
the branch pipe in the front view. (See fig. 6-11B.) 

3. Develop the surface pattern of the rectangular pipe 
perpendicular to it in the front view, as shown in figure 
6-11C. 

4. Draw the surface pattern of the round pipe, with the 
opening for the rectangular pipe, to the side of the front 
view, as shown in figure 6-1 ID. 
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RADIAL DEVELOPMENT 



The sides of a pyramid and the elements of a cone meet at 
a point called the vertex or apex. These same lines meet at 
a point in the development of a pyramid or cone and are 
said to radiate from this point. Consequently, the method 
of developing pyramids or cones is called radial development. 

In radial development, the same general procedures are 
followed as those used in parallel development, except that 
since the slanting lines of pyramids and cones do not always 
appear in their true lengths on the orthographic views, cer- 
tain other procedures must be followed in order to determine 
these true lengths. To find the true lengths of these edges, 
the pyramid may be rotated so that some of the edges appear 
in their true lengths in the views, as shown in figure 6-12B. 
In this case, the lines which appear as horizontal lines in the 
top view are shown in outline and in their true-length in the 
front view. In other words, when a line appears as hori- 
zontal OR AS a point in the top view, the corresponding 

LINE IN THE FRONT VIEW IS ITS TRUE LENGTH. Conversely, 
WHEN A LINE APPEARS AS HORIZONTAL IN THE FRONT VIEW, THE 
CORRESPONDING LINE IN THE TOP VIEW 18 ITS TRUE LENGTH. 
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Fiflur. 6-12. — Methods of finding th. trwo longth of a line In radial d.v.l opm.nl. 
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Usually, instead of rotating the whole pyramid, the line 
of the edge itself may be simply rotated into the horizontal 
on a conventional orthographic view. For example, in fig- 
ure 6-12C, the line of an edge from apex to base as it appears 
in the top view is used as the radius for an arc to the hori- 
zontal. The point of intersection of the arc with the hori- 
zontal is projected to the front view and a true-length line 
for that edge drawn, as shown in figure 6-12D. 

The steps for developing a truncated pyramid are illus- 
trated in figure &-13. This is a transition piece for con- 




Figure 6-1 3. — Development of a truncated pyramid. 
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necting a large square pipe with a smaller one. Normally 
the square ends would be terminated in square collars which 
would also be developed. 

1. Draw the orthographic views, completing the lines of 
the sides to the apex. 

2. Rotate the line of one edge in the top view to the hori- 
zontal and project it to the front view. (See fig. 
6-13B.) 

3. Draw an arc with a radius equal to the length of this 
true-length line plus its extension to the apex of the 
pyramid, and a second arc defining the upper limit of 
the true-length line, as shown in figure 6-13C. 





Figure 6-14. — Development of a truncated pentagonal pyramid with Hi* upper 

corner, cut by a slanting plana. 
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Figure 6-1 5. — Development of on off tot transition piece. 



4. Step off lengths along these arcs equal to the sides of 
the pyramid. (See fig. 6-13D.) 

5. Connect these points successively with each other and 
also connect them by light lines with the vertex, as 
shown in figure 6-13D. 

To develop a truncated pentagonal pyramid like that 
shown in figure 6-14, the same general steps are followed. 
However, since one lateral edge appears in its true length in 
the front view, the limits of the other edges may be projected 
onto the line of this edge in order to determine the true 
lengths. The length of each edge is then measured, and this 
measurement transferred to the development. 

Figure 6-15 shows the development of an offset transition 
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piece. It is called offset because the center of one end is not 
in line with that of the other end. The three parts consist 
of an upper section and a lower section, which are truncated 
rectangular prisms, and a third section, which is a truncated 
oblique pyramid. 

1. Draw the orthographic views, extending the lines of the 
sides of the pyramid to its apex in both views. 

2. Rotate the lines of the sides to the horizontal in the top 
view, project the points thus located to the front view, 
and draw the true-length lines. ( See fig. 6-15B.) 

3. At one side of the views, develop the surface pattern of 
the oblique square pyramid. Construct one triangle at 
a time, taking the length of the three sides of each 
triangle from the views. (See fig. 6-15C.) Locate and 
draw the upper edges to complete the pattern. 

4. Draw the surface patterns of the upper and lower 
prisms, as shown in figure 6-15D. 

The development of a cone is similar. It is considered to 
be a pyramid with an infinite number of sides. In practice, 
of course, the number of sides must be limited. Elements 
representing these sides are drawn on the orthographic views 
and projected to the development. The steps in developing 
a truncated right cone are illustrated in figure 6-16. 

The right cone has a center line which is perpendicular 
to its base. Thus the elements on a right cone are all the same 
length. The true length of these elements is shown by those 
which fall to the extreme right and left in the front view, 
since these elements are horizontal lines in the top view. 
The cone in figure 6-16 is cut by a slanting plane. Therefore 
the termination points of the elements between the two out- 
side elements must be projected to one of the outside lines in 
order for their true length to be determined. 

1. Draw the orthographic views, including either a side 
view, as shown in figure 6-16A, or an auxiliary view of 
the ellipse which is formed by the slanting plane. Note 
that the center of the ellipse must be determined since it 
does not fall on the center line of the cone. This center 
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Courtesy Columbia Technical Institute 
Figure 6-1 6.— Development of a truncated right cone. 



point is projected to the side view and defines the length 
of the minor axis of the ellipse. The length of the 
major axis is defined by the length of the slanting line 
in the front view. 

2. Develop the surface pattern of the cone, using the length 
from the apex to the base as a radius for drawing the 
arc. Step off on this line the equally spaced divisions of 
the base. Then measure each element individually and 
transfer this measurement to the development. The 
ends of each of these elements define the curve of the 
upper edge of the peripheral surface. (See fig. 6-16B.) 

3. Draw the circle of the surface of the base and the ellipse 
of the top surface attached to the peripheral surface as 
shown in figure 6-16C. 
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Figure 6— 1 7. — Development of a pouring lip. 
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In figure 6-17, the pouring lip on the round measure is a 
truncated portion of an inverted cone. The lower end is 
cut by a plane parallel to the base and the upper end is cut by 
a slanting plane. The same procedures may be used to find 
the elements on this lip as those described in connection with 
the truncated cone shown in figure 6-16. However, a shorter 
method may also be used to develop the surface pattern of 
the lip. 

1. Draw an orthographic view, and locate the apex of the 
inverted cone. 

2. Draw a semicircle attached to the lower edge of the 
pouring lip, and divide this into equal spaces. (See 
fig. 6-17A.) 

3. As the first step in developing the surface pattern, draw 
an arc with a radius equal to the line from the apex of 
the angle to the lower edge of the lip along one of the 
true-length lines. (See fig. 6-17 A.) 

4. Draw a center line through this arc, and step off the 
same number of equal spaces on each side of this line as 
appear on the semicircle in the front view. 

5. From the final steps on each side, draw lines the distance 
of the short side of the lip, as shown in figure 6-17B, and 
also locate a point beyond the arc on the center line at 
a distance equal to the long side of the lip in the ortho- 
graphic view. 

6. Draw a line from this point to the outer edge of the lip 
at the seam as shown in figure 6-17C. 

7. Bisect this line, and draw a line perpendicular to it 
which intersects the center line. 

8. With this intersection as the center and with a radius 
equal to the distance from this center to the points 
already located on the outer edge of the lip, draw an arc 
describing this outer edge. (See fig. 6-17D). 

TRIANGULATION 

Triangulation is slower and more difficult than parallel 
line or radial development, but it is more practical for 
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many types of figures. Also it is the only method by which 
the developments of warped surfaces may be approximated. 
In development by triangulation, the piece is divided into a 
series of triangles as in radial development. However, there 
is no one single apex for the triangles. The problem, there- 
fore, becomes one of finding the true lengths of the varying 
oblique lines. This is usually done by drawing a true- 
length DIAGRAM. 

Figure 6-18 illustrates the steps in the triangulation of a 
warped transition piece joining a large square pipe and a 
smaller round pipe. 

1. Draw the top and front orthographic views. 

2. Divide the circle in the top view into a number of equal 
spaces and connect the division points with the corners 
of the square, as shown in figure 6-18B. 

3. Transfer the division points to the front view, and draw 
the elements. Some of the triangles are slightly curved, 
but they may be considered as flat. 

4. Now the true length of each of these elements may be 
found by drawing a right triangle with a base equal to 
the length of an element on the top view and with an 
altitude equal to the altitude of the corresponding ele- 
ment on the front view. The hypotenuse of the triangle 
is the true length of the element. In figure 6-18C, the 
true-length diagram consists of only three right tri- 
angles. Since the piece is symmetrical, a number of the 
elements are the same length. 

5. Draw the surface pattern, constructing one triangle at 
a time. (See fig. 6-18D.) Note that the seam may be 
along one of the elements, or it may be on the center 
line through one of the large triangles in which case its 
true length is shown by either of the outside lines on 
the front view. 

Figure 6-19 shows the steps in developing a rectangular 
transition piece which is not a true pyramid because the ex- 
tended lateral edges would not meet at a common vertex. 
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Figure 6-20. — Development of a warped transition piece. 

This may best be developed by drawing diagonals which 
split the sides into two triangles. These diagonals are usu- 
ally drawn as dotted lines to differentiate them from other 
elements. Then the true length of each element is found, 
and the surface pattern developed by constructing each tri- 
angle in turn. To find the true-length lines, a true-length 
diagram is drawn. 
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L Draw the orthographic views with the bend lines and 
the diagonals. (See fig. 6-19A.) 

2. Draw a true-length diagram of these elements. (See 
fig. 6-19B.) 

3. Draw the surface pattern by constructing one triangle 
at a time. (See fig. 6-1 9C.) 

The fitting in figure 6-20 has a warped surface. Its base 
is round and its top is oblong. The method for development 
consists of dividing the surface into quadrilaterals of approx- 
imately the same size, and then drawing a diagonal across 
each of these to produce two triangles. When the true 
lengths of these elements have been found, the surface pat- 
tern may be drawn, triangle by triangle. 

1. Draw the top and front orthographic views. 

2. Divide the circle of the base into a number of equal 
spaces and the arcs at the ends of the oblong into half 
as many. Since the transition piece is symmetrical on 
a central axis, this may be done on only half of the top 
view. Connect these division points as shown in figure 
6-20B. Use dotted lines for the diagonals to differen- 
tiate them. 

3. Project the division points to the front view, and draw 
the elements there. 

4. Draw the true-length diagram for the elements. (See 
fig. 6-20C.) 

5. Draw an approximation of the surface pattern of the 
warped surface by constructing one triangle after 
another. (See fig. 6-20D.) 

QUIZ 

1. Name four types of surfaces. 

2. What is meant by the term developing a surface? 

3. What are the three principal methods of developing the surface of 
three-dimensional objects? 

4. For what surfaces is parallel development used? 

5. For what surfaces is radial development usually used? 

6. For what surfaces is triangulation used? 
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7. How may bend lines be indicated on the development of a surface? 

8. When the drawing of the surface pattern is finished what edges 
must be checked and why? 

9. How are the intersection lines of two pieces, such as two cylinders 
or a cylinder and a prism, determined? 

10. (a) In radial development, how can you tell whether a line appears 
in its true length on the front orthographic view? (b) On the top 
orthographic view ? 

11. To bring a line into the horizontal in a view, what method is 
usually used? 

12. When one edge of one side of a truncated right equilateral pyra- 
mid appears in its true length in the front view, what method may 
be used to determine the true length of the other edges? 

13. What does the word offset mean? 

14. Since development by triangulation is slower and more difficult 
than parallel line or radial development, why is it used? 

15. In development by triangulation, what two methods for finding 
the true lengths of lines may be used ? 

16. (a) In a true-length diagram, how is the length of the base line 
of each right triangle determined? (b) The altitude of the tri- 
angle? (c) The hypotenuse? 
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CHAPTER 




HEATING, VENTILATING, AND AIR 
CONDITIONING 

INTRODUCTION 

Although our bodies can and do adjust themselves to many 
different atmospheric conditions, the zone of greatest com- 
fort and efficiency has been found to be roughly in the 
vicinity of 70 degrees Fahrenheit with a relative humidity 
of 50 percent and with an air movement of 15 to 25 feet per 
minute. The temperature range of the comfort zone is 
slightly higher in warm weather than in cold. A relative 
humidity of 50 percent means that the air contains half as 
much moisture as the maximum it is capable of absorbing. 
Besides providing more comfortable living conditions, the 
regulation of atmospheric conditions is often necessary for 
the preservation or the proper functioning of equipment. 

The maintenance of any required atmospheric temperature 
in an enclosure usually involves either supplying heat to 
compensate for heat loss or removing heat by mechanical 
cooling to compensate for heat gains. In the United States, 
heat is measured in British thermal units, written BTU. A 
single BTU is the heat required to raise the temperature of 
1 pound of water 1 degree Fahrenheit. Heat gains or losses 
in an enclosure are influenced by such factors as the tempera- 
ture outside, the material and thickness of the walls, ceiling, 
etc., the amount of sunlight falling on them, and the amount 
of heat given off in the enclosure by humans and by mechani- 
cal devices. 
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HEATING AND VENTILATING OF BUILDINGS 



For heating barracks and other large buildings, the Navy 
uses standard heating systems such as steam radiators, hot 
water radiators, or, in some instances, circulated warm air. 
Different installations vary somewhat in detail. For ex- 
ample, a steam heating system may be single-pipe or two- 
pipe. The condensate may be returned to the boiler by 
gravity or by means of a pump ; or operating pressure in one 
system may be quite different from that of another. Hot 




Figure 7-1. Oil-fired space heater. 

• 

water systems vary in such things (as gravity circulation or 
forced circulation, methods of connecting radiators, and 
methods of eliminating air from the system. Sometimes air 
circulating systems serve the three- fold purpose of heating 
in winter, cooling in summer, and ventilating the year 
around. When such a system is equipped for automatic con- 
trol of heat and humidity as well as for purifying the air, 
it becomes an all-year air-conditioning system. 
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Ordinarily, equipment on large bases is installed by con- 
tractors and cared for by civilian employees of the Public 
Works Department. Your experience with heating and ven- 
tilating is more likely to be with the type of equipment used 
on small advanced bases. 

Heating and Air Conditioning of Small Buildings 

One of the simplest of Navy heaters is the small 50,000 
BTU space heater shown in figure 7-1. These are usually 
oil-fired. Two of these heaters are standard equipment for 
a 20- by 48-foot northern quonset hut. A 40- by 100-foot 
building takes two 200,000 BTU heaters. A typical installa- 
tion is shown in figure 7-2. 

The 200,000 BTU heaters also come equipped with transi- 
tion pieces for attaching ducts. In this case, the heater can 
be installed in a lean-to, as shown in figure 7-3. This instal- 
lation allows for more floor space within the hut and a more 
even distribution of heat, along with less fire hazard. For 
heaters of this size or larger, the fuel storage must be located 
outside the building. In larger advanced base buildings or 
whenever more heat is needed, more units of this same type 
and size may be installed. 

A paint shop is one place where well designed heating and 
ventilating equipment is required. Concentrated paint 
fumes are both poisonous and explosive. Figure 7-4 shows a 
20- by 100-foot arch rib building adapted for spray painting. 
You will note that four heaters are furnished instead of two. 
This is necessary because of the large amount of air ex- 
hausted into the outside atmosphere. No provision is made 
for recirculating warm air. 

Although warm air heaters are used extensively at ad- 
vanced bases, steam heat is often more convenient for spaces 
in, and adjacent to, galleys, laundries, or other places where 
a liberal supply of steam is available. The unit heater, il- 
lustrated in figure 7-5, which is suspended from the ceiling, 
serves very well. It is equipped with an electric-driven 
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Figure 7—4. — Paint shop. 



propel lor- type fan and thermostatic control. However, 
there are some places where any electrical machinery which 
would produce sparks cannot be used. The mine assembly 
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building shown in figure 7-6 is one example. The steam radi- 
ators used in this building are made up of three sections of 
copper or finned steel tubing, each 10 feet long. (See fig, 
7-7.) 




Figure 7-5. — Steam-heated unit heater. 



Figure 7-8 shows a 2t)- by 48-foot hut equipped as a photo- 
lithographic printing plant in which strict temperature and 
humidity control are of prime importance. The air condi- 
tioner is a packaged unit similar to that pictured in figure 
7-9. These units may be installed with or without ducts. 
Cooling is accomplished by mechanical refrigeration process. 
Heat is carried away from the refrigerant condenser by cir- 
culating water and is given off to the atmosphere in the cooi- 
ng tower. For buildings that require greater cooling ca- 
pacity, more air-conditioning units of this same size may be 
added. 

SHIPBOARD VENTILATION 

The greater part of the ventilating fans and duct work in 
the Navy will be found aboard ship. For this reason, the 
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major portion of this chapter is devoted to a description of 
shipboard ventilation. The main difference between the ven- 
tilation systems of ships and those of buildings is the water- 
tight and airtight construction of the ducts on a ship. Also, 




Figure 7—8. — Photo-litho printing plant. 



shipboard equipment will, in many cases, be of sturdier and 
more costly construction, since its proper functioning and 
reliability are of vital importance. 

To preserve the watertight integrity of a vessel, shipboard 
ventilation is divided into many small systems. Some of 
these systems are for supply and others for exhaust. Figure 
7-10 shows the general characteristics of one supply system 
and one exhaust system. 
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Figure 7-10. — Shipboard ventilation systems. 



Supply Systems 

A supply ventilation system is designed to serve a group 
of compartments and spaces with an adequate amount of 
fresh air. The air enters the system through some type of 
waterproof ventilation intake located on or above the main 
deck or in a deckhouse bulkhead. From the intake, the air 
for the lower deck compartments ordinarily passes through 
a vertical duct, known as a trunk, which is usually built as 
part of the ship's structure. An air preheater with a con- 
trolling thermostat is placed as near as is practical to the 
intake end of the system. 

A fan provides the suction to pull the air into the intake 
and down the trunk. The fan may be of either the centrif- 
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ugal type or the axial flow type. An axial flow fan has 
important advantages in that it takes less space, saves weight, 
cuts down noise, and offers less resistance to the air flow than 
a centrifugal fan. Note the differences shown in figure 7-11. 
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Figurt 7-1 1 . — Fan installation!. 




In an intake system serving a large number of compart- 
ments, the air leaving the fan goes first through a main, then 
through branch mains, and finally through smaller branches. 
The sizes of the supply system ducts are based on the number 
of cubic feet of air to be delivered to the various compart- 
ments and spaces per minute. Reheaters are located in the 
branch mains or smaller branches to serve a group of indi- 
vidual spaces or compartments. At the end of the line, air 
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is delivered through end openings known as supply termi- 
nals. In some types of terminals, dampers are installed 
which can be manually operated to control the amount of air 
ejected through the terminals. The supply output is checked 
with various types of velocity meters and pressure gages. 
Because each system is scientifically designed and balanced, 
branches cannot be added without a study of the whole sys- 
tem. When any alterations are contemplated, all possible 
effects on the whole system should be considered. 

Exhaust Systems 

Ordinarily one exhaust system serves the same spaces and 
compartments that are served by one supply system. Axial 
flow fans are never used in exhaust systems if the air might 
contain flammable or explosive vapors or fumes. Instead, 
centrifugal fans must be used to exhaust such vapors. Also, 
exhaust blanches serving compartments where flammable 
liquids are stored must be provided with flame arresters. 
( See fig. 7-12.) Naturally, preheaters and reheaters are not 
placed in exhaust lines. 




Figure 7—12. — Flame arrester in exhaust duct. 
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Duct Design 

In designing ventilation ducts, the designer must con- 
stantly keep in mind that the watertight integrity of com- 
partments and spaces served by the ventilation system must 
be maintained. Watertight integrity is particularly impor- 
tant for branches which extend to lower decks and platforms. 
Penetration of watertight and armored decks and bulkheads 
is avoided whenever possible. When ducts must pass through 
such boundaries, they must be watertight with specified 
closures and fittings of welded construction. 

In order for air to move through ducts efficiently with 
minimum friction loss from seams, joints, turns, and fittings, 
the interior of ducts must be streamlined. Also, in order that 
excessive noise be avoided, seams, splitters, dampers, vanes, 
and terminals should be carefully designed so that air can 
flow quietly over and around them. When flowing air hits 
a sharp edge, the effect is similar to that produced when some- 
one blows on the reed of a harmonica or clarinet. 

Headroom and space limitations must also be considered. 
Round ducts offer the least resistance to moving air so that 
they are used whenever space permits. Rectangular sections 
are used whenever space limitations prohibit the use of round 
sections. It is not permissible to run ducts through square 
or rectangular openings in decks, bulkheads, beams, or gird- 
ers. Such holes must be round, oval, or flat-oval in shape to 
minimize the decrease in structural strength. 

Duct sections are ordinarily made of galvanized steel, un- 
less some other material, such as aluminum or corrosion- 
resisting steel, is specified. All ducts which pass through 
compartments subject to pressure tests must be strong enough 
to withstand the testing pressure. 

Supply ducts should never have terminals which discharge 
air toward electrical installations. The salty moisture in the 
air will cause such equipment to deteriorate rapidly. 
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Soam Allowances 

Welded seams are preferred for watertight ducts. Round 
ducts made of heavy metal are sometimes lapped at the seams 
and riveted with tinner's rivets. The lapped surfaces are 
tinned before riveting and then sweated together after rivet- 
ing. Total lap allowance is usually from % inch to 1 inch. 




Figur* 7—1 3.— Grooved foams. 
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Round sections made of thin metal may be assembled with 
grooved seams. (See fig. 7-13.) Rectangular ducts may he 
riveted or assembled with double seams. The four stepfl in 
forming a double seam are shown in figure 7-14. 
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Figure 7—14. — Forming a double team. 



Stiffeners for Rectangular Ducts 

Stiffeners are used to minimize vibration of the walls of 
large rectangular ducts. They are usually made of light- 
weight angle bars and riveted to the outside of the ducts, as 
shown in figure 7-15. No stiffeners of any kind are to be 
placed inside a duct. 



- ANGLE BRACES 




MAIN DUCT STIFFENERS 



Figure 7-1 5. — Installation of large rectangular duct stiffeners. 
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Figure 7—1 7. — Action of air currents in turns. 
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Turns 

Turns in air ducts should be as few and as far between as 
it is practicable to make them. Formerly most turns were 
of the elbow type, also called radius turns, for both round 
and rectangular ducts. Now the trend is toward vaned 




3" VANED TURN 



Figure 7—1 8.— Design of a van«d rectangular turn of 90 d*gr*«*. 

turns. (See fig. 7-16.) Figure 7-17 shows the action of 
moving air in the two types of turns. The turbulence 
created in an elbow turn of short radius produces consid- 
erable resistance to the flow of air. 

The design and construction of vaned turns for shipboard 
use has been standardized by BuShips. These turns may be 
requisitioned ready made for repair or replacement work. 
Only in an emergency will one have to be made. Informa- 
tion necessary for making 3-inch grids for 90-degree vaned 
turns to fit rectangular ducts is given in figure 7-18 for use in 
case you are asked to lay one out. The vanes are welded in 
place. 

Tees and Takeoff* 

Ordinarily when a branch takes off from a main, the size 
of the main is reduced where it extends past the takeoff. 
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The reducer connecting the two sections is the proper place 
to locate the takeoff. A concentric reducer, with a takeoff, 
is illustrated in figure 7-19. It is used with either supply or 
exhaust systems. 

Rectangular tees which connect two branch mains to the 
end of a main duct are constructed as shown in figure 7-20. 




Figure 7-1 9. — Concentric reducer with takeoff. 

With appropriate vaned turns, the branch main can be 
taken off at various angles. The branch main shown in figure 
7-21 is taken off at an angle of 90 degrees. Notice the 
splitter. It proportions the amount of air directed into the 
branch main. The splitter is usually made so that it is 
adjustable, but after its correct location is determined, it is 
riveted in place. 

Small round branches are sometimes taken off branch 
mains, as illustrated in figure 7-22. Notice the scoop, which 
can be used to feed air into the branch. Figure 7-23 shows 
how the leading edges should be streamlined. 




Figure 7-20. — Rectangular tees. 
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Figure 7-21. — Takeoff from rectangular duct. 




Figure 7-22. — Thirty-degree branch takeoff with tcoop. 
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Figure 7-23. — Streamlining of edges. 
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Venturi Tubes and Armor Gratings 



Ducts passing through armored decks require special in- 
stallations. Watertight ducts which are 8 inches or less in 
diameter pass through round holes and are welded to the 
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Figure 7—24. — Venturi tube in armored deck. 



deck. A duct more than 8 inches in diameter is connected to 
a venturi tube, provided the hole for the tube does not exceed 
8 inches in diameter or that the velocity of the air will not 




Figure 7-25. — Use of armored gratings. 

exceed 10,000 feet per minute. Figure 7-24 illustrates an 
elbow-type venturi tube. Larger ducts require the use of 
armor gratings, which are installed as shown in figure 7-25. 
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Typai of Terminals 



Living-space supply terminals are ordinarily installed in a 
vertical position. The open end of the terminal is usually 
located between 9 and 18 inches from the deck in berthing 
spaces and below the lowest bunk. The cone-shaped outlet 
is designed to lessen the velocity of the air that is discharged 
into the space. 

SPACE SUPPLY TERMINALS 



[ AIR 




0 





MAGAZINE AND 
HANDLING ROOM 



8 MESH 
SCREEN 




MINIMUM 
DISTANCE 
ABOVE 
DECK 



STOREROOM 
•NO SCREEN 



RATPROOf 
SCREEN 

AS 
REQUIRED 



LIVING. SPACE 

Figure 7-26. — Standard tpace supply terminals. 

Supply terminals for magazines, handling rooms, and 
staterooms are located in a horizontal position near the over- 
head. The design of various terminals is shown in figure 
7-26. 

Adjustable supply terminals are used in hot spaces, such 
as engine and machinery rooms, radio and sound rooms, 
workshops, laundries, and turrets. Adjustable slip sections 



DAMPER 




WIRED 
EDGE 



STRAIGHT POSITION 

Figure 7-27.— Adjustable supply terminal. 
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provide a means of controlling air direction. (See fig. 7-27.) 
Air can thus be discharged directly in the vicinity of most 
of the personnel. 




Figure 7— 21.— Diffusing terminal. 



Navy standard diffusing terminals are used in offices, 
staterooms, wardrooms, mess rooms, and in spaces which have 
air conditioning. A standard diffusing terminal is installed 
in a duct as shown in figure 7-28. Figure 7-29 shows a bell- 
mouth exhaust terminal. 




R- 0.6 D v ^ WIRED E06E 

, RATPROOF SCREEN AS 
^ REQUIRED 

ROUND TERMINALS ARE SPUN 

CM/ RECTANGULAR TERMINALS 
V ARE ROLLED 

Figure 7-29. — Exhautt terminal. 

Access Plates 

Access plates are placed in ducts to provide an easy means 
of inspection and to facilitate assembly and cleaning. An 
access plate is ordinarily round and is closed with a cover 
plate. A collar is fitted to the opening in the duct and flush 
riveted into place. The cover plate is sealed with a suitable 
gasket and secured to the collar with quick fasteners that 
fit into holes in the collar. 
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Insulation off Ventilation Ducts 

Ducts are covered with insulating material whenever it is 
necessary to prevent condensation or objectionable pain or 
loss of heat. Such is the case when a supply duct passes 
through a heat-producing space, or when any duct passes 
through a refrigerated space. Ventilation heaters are in- 
sulated to keep in the heat and to protect personnel from 
burns. 

Duct Hangers and Brackots 

Ventilation duct sections and fittings are supported by 
hangers, brackets, and braces. These are designed to hold 
the ventilation lines securely in place and to minimize vibra- 
tion. Supports for lines should be placed so that fittings 
and sections of ducts may be easily disconnected for mainte- 
nance, repair, and replacement. 




WATERTIGHT 



Figure 7-30. — Duet hongtrt and brockets. 



A typical assortment of hangers and brackets is shown in 
figure 7-30. These are made of flat steel bar stock. Some 
ducts and terminals may require heavier supports made of 
angle stock. 
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Figure 7-3 1 . — Heating equipment of recirculating system. 




Figure 7-32. — Cooling equipment of recirculating system. 
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Figure 7— 33.— Air cooling coil, grovity circulation. 



Mechanical Cooling 

Mechanical cooling is provided in submarines and very 
often in certain spaces on surface ships where it is of im 
portance for the comfort, health, and alertness of personnel 
or for the preservation of equipment. Figures 7-31 and 
7-32 show the interior arrangement of the parts of an air 
recirculating system which is provided with both a heating 
coil and a cooling coil, each controlled by a thermostat. A 
gravity cooling coil is illustrated in figure 7-33, This method 
of air cooling is required in magazines and in spaces where 
flammable vapors make the use of electric machinery unsafe. 

QUIZ 

1. Give two reasons for regulating atmospheric conditions within 
certain enclosures. 

2. What is meant »>y 50 percent relative humidity 7 
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3. Name five things that affect the heat gain or loss within an 
enclosure. 

4. Name three types of heating systems used in large buildings. 

5. Name two types of heating equipment used at advanced bases. 

6. Why is it not permissible to use electrical machinery or oil-fired 
heaters in some buildings? 

7. What could be done if the heating or air-conditioning unit in an 
advanced base building did not have sufficient capacity? 

8. Why is shipboard ventilation divided into many small systems? 
0. Name one important characteristic that a shipboard ventilation 

intake should have. 

10. Where is the preheater installed in a ventilation system? 

11. What two types of fans are in general use aboard ship? 

12. Name one place where an axial flow fan cannot be used. 

13. Where is a reheater usually installed in a supply system? 

14. What largely determines the size of supply ducts? 

15. What is likely to happen if a new branch is added to an existing 
ventilation line without a careful study of the whole system? 

16. Give two reasons why duct interiors should be streamlined. 

17. Name four kinds of seams used in duct work. 

18. What important advantages do vaned turns have over the older 
radius turns? 

19. What is the purpose of a splitter? 

20. When are venturi tubes and armor gratings used? 

21. Why are living-space supply terminals cone-shaped? 

22. What type of supply terminal would very likely be used in a heat 
generating space that could not be cooled throughout? 

23. When is insulating covering for ducts used? 

24. Where are gravity cooling coils usually used? 
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CHAPTER 




AERONAUTICAL DRAFTING 

INTRODUCTION 

Regardless of your present duty assignment, you will prob- 
ably be required to do some aircraft drawing sooner or later. 
Although aircraft drawing follows, in general, the pro- 
cedures of other mechanical drawing, it presents some prob- 
lems rarely encountered elsewhere. Airplane drawings made 
by the Navy consist principally of drawings of rework, re- 
pair, and modifications to be made by the service activities 
for existing aircraft. To be a good aircraft draftsman, one 
needs to learn the structural methods and principles applied 
to modern aircraft. This is made no easier by the fact that 
in aviation, design and structural methods are constantly 
changing. 

An understanding of geometry is important, as well as 
skill in both orthographic and pictorial drawing and in de- 
velopment as applied to sheet metal work. It is often more 
convenient to determine measurements graphically, rather 
than mathematically. This requires precise measurements 
of the known distances and angles, care in transferring the 
measurements, and ability to draw smooth lines which meet 
accurately at points of intersection. 

CONVENTIONS AND STANDARDS 

Besides the military drawing standards set forth in JAN- 
STD-1, General Drawing Practice, MILr-STD-8, Dimensioji- 
ing and Tolerancing, and the other publications in this series, 
there are usually additional standards set up by individual 
activities to meet their needs. When drawings are to be made 
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for a particular airplane, the drawing practices followed by 
the manufacturer of that plane will also serve as a guide. 

Scale and Format 

As a general rule, detail and assembly drawings are made 
actual size. This necessitates the use of drawing sheets of 
greater width and sometimes of great length. It is desirable 
however, that the length should not exceed 144 inches. On 
large-sized drawings, horizontal and vertical zoning may be 
used as an aid to the location of items when the drawing is 
read. The approved method of zoning is described in JAN- 
STD-3, Format for Production Drawings. 

Large detail, assembly, and installation drawings may be 
drawn to a reduced scale if information can be clearly shown 
in all respects. In order to do this, section or partial views 
may be drawn actual size where necessary. Draftsmen 
should bear in mind that the purpose of reducing the scale 
of a drawing is to reduce the size of the sheet to be handled 
and to avoid wastage of drawing and blueprint paper and 
file space. Therefore, as small a sheet should be used as 
practicable without crowding the drawing. Enough space 
should be left so that sectional views, notes, or tabulations 
can be added if these become necessary during the life of the 
drawing. 

It is customary for every airplane part to have a number 
which corresponds with its detail drawing number. If more 
than one part is shown on one detail drawing, further identi- 
fication may be accomplished by dash numbers. Thus, two 
parts shown on a single drawing may be numbered 34105-1 
and 34105-2. On the drawing, the dash number preceeded 
by the dash should be placed in a small circle near the part 
it identifies. An arrow drawn from the circle should touch 
the outline of the part. 

Sometimes, dash numbers are also used to distinguish be- 
tween right-hand and left-hand parts which are mirror im- 
ages of each other. In this case, the left-hand part may be 
shown and the right-hand part indicated by a note. 
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Drawing titles are given with identification first and de- 
scription second. For example, the title flange — carbu- 
retor air intake would be read, "carburetor air intake 
flange." 

Views and Projections 

Draw only as many views in third-angle orthographic pro- 
jection as are needed to clearly illustrate the part to be made. 
It is customary for principal views to be taken from the left 
side of the airplane with the nose pointed toward the left 
border of the drawing sheet. Partial views and sections may 
be used to illustrate certain features, thus making a greater 
number of complete views unnecessary. 

One view may be used, for example, in drawing in a stud 
if the diameters are clearly marked as diameters. One view 
of a detail should correspond to the position of the view 
as shown on its next assembly drawing whenever possible. 
However, a part which is shown in an angular position when 
it is assembled should not be drawn in an angular position 
as a detail. 

Sections should be projected directly if space permits, but 
if it is limited, a section view may be placed elsewhere on 
the sheet or on a separate sheet. Views which are not pro- 
jected directly should be clearly marked to indicate the loca- 
tion from which they were taken and the direction in which 
they are viewed. 

Various systems of station marking are used on aircraft 
drawings. For example, the center line of the airplane on 
one drawing may be taken as the zero station, and objects 
to the right or left of center along the wings or stabilizers 
may then be located by giving the number of inches between 
them and the center line zero station. On other drawings, 
the zero station may be at the nose of the fuselage, at a fire- 
wall, at the leading edge of a wing, or at some other location, 
depending on the purpose of the drawing and the custom 
concerning the particular part or assembly. (See fig. 8-1.) 

Isometric, perspective, or photographic views may be em- 
ployed under some conditions where one of these types of 
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drawing more clearly depict the article than the conven- 
tional orthographic projection. These drawings are of par- 
ticular advantage when it is necessary to illustrate the instal- 
lation of plumbing, wiring, or control linkage- However, 
with the curving lines and lack of parallelism, aircraft draw- 
ing is not considered easy even in orthographic projection, 
and the problems can be greatly magnified when an attempt 
is made to work in three dimensions. When three-dimen- 
sional drawings must be made, time can be saved and the 
work made easier if portions of new drawings, especially 
outlines, can be traced from other drawings and the appro- 
priate additions drawn in. (See fig. 8-2.) A file of isomet- 
ric outline drawings may be kept in the drafting room for 
this purpose. 

Dimensions 

Because of the large size of many drawings, dimensions 
should be made to read from the bottom. Dimensions are 





Figure 8—4. — Truss type fuselage construction. 



usually given in inches although some overall dimensions, 
such as wing span, are sometimes given in feet. In many 
activities, it is preferred that all dimensions be given in 
decimals instead of in common fractions. 

AIRPLANE STRUCTURE 

A study of figure 8-3 will serve to refresh your memory 
with the names of the important parts of a typical airplane. 
The main structural unit is the fuselage, and other units are 
attached directly or indirectly to it. There are basically two 
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types, or principles, of construction, which are applied to 
aircraft, as well as some modifications or combinations of the 
two. These are the truss type of construction and the 

MONOCOQUE TYPE. 

In the truss type of construction, metal tubing or wood is 
joined in a series of triangles or trusses similar to the trusses 
of building frame or bridge construction. (See fig. 8-4.) 
This framework is covered with cloth which later is saturated 
with a liquid called dope. When it hardens, dope greatly 
increases the strength and tautness of the cloth and also 
makes it impermeable to air and water. Most of the struc- 
tural strength, however, is considered as coming from the 




Figure 8—5. — Monocoque fuselage. 




Figure 8—6. — Semimonocoque fuselage. 
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framework and not from the covering. Today this type of 
construction is rarely used except on small aircraft or on 
parts for larger planes. 

The monocoque type of fuselage relies largely on the 
metallic skin or shell for strength and rigidity. (See fig. 
8-5.) The skin is reinforced and held in correct form by 
vertical rings, formers, and bulkheads. 

Most military aircraft have what is known as semi- 
monocoque construction. In this type, part of the stress is 
borne by the shell and part by lengthwise members, called 
stringers. (See fig. 8-6.) 

A typical wing structure is shown in figure 8-7. Control 
surfaces, such as ailerons, elevators, and rudders, have struc- 
tures similar to wings. 



Figure 8-8 illustrates two types of engine mount. Al- 
though engine mounts vary greatly in appearance, depending 
on the size, type, and characteristics of the engine, the basic 
structural features are similar. Among the things which 
must be considered in the design are the thrust and torque of 
the propeller, the weight of the engine, and the vibration. 
Also, the engine and its equipment must be accessible for 
maintenance and inspection. Engine mounts are always 
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Figure 8-7. — Typical wing structure. 
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Figure 8— 3. — Two types of engine mount. 




Figure 8-9. — Typicol control system diagram. 




Figure 8-10. — Control cable. 
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. — Cable fittings and swaged terminal*. 
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placed just forward of a flametight bulkhead, called a fire- 
wall, 

A typical control system is illustrated in figure 8-9. The 
cables, rods, bell cranks, etc., which connect the controls to 
the control surfaces, are called the flight control linkage. 
Figures 8-10 and 8-11 illustrate types of cable, cable termi- 
nals, and cable fittings. 

Most airplanes, with the exception of small, slow planes, 
have retractable landing gear. The wheels may be retracted 
toward the rear, inward toward the fuselage, or outward 
toward the wing tips. Retracting may be accomplished 



manually, electrically, or hydraulically. Usually electrically 
or hydraulically operated units have manual controls for 
emergency use. 

Relatively large airfoils hinged to the trailing edge of the 
wings near the fuselage are called wing flaps. (See fig. 
8-12.) When they are lowered, they increase both the lift 
and the drag of the wings- This enables the pilot to reduce 
the airspeed when the plane is descending and to approach 
a runway at a steeper angle than would otherwise be possible. 
This steeper descent results in a shorter landing roll. The 
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Figure 8— 12.— Two basic typos of flaps. 
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flaps can also be used to give extra lift to the wings when the 
plane is taking off. 

MATERIALS 

Every airplane is a compromise between two factors — 
weight and strength. Each pound of weight added to an 
airplane cuts down its flying efficiency. This relationship 
between the strength of a material and its weight per cubic 
inch is called the strength-weight ratio. The strength- 
weight ratio is one of the most important considerations in 
selecting various metals, woods, plastics, or other materials 
to be used in aircraft construction. Other highly important 
factors are resistance to corrosion and fatigue, and harden- 
ing or other physical changes that occur in the materials 
when they age. 

Metals 

The high strength-to- weight ratio, high resistance to cor- 
rosion, and comparative ease of fabrication have resulted in 
very extensive use of aluminum and its alloys. Wrought 
aluminum alloys are designated by a number followed by the 
letter "S." The number indicates the composition of each 
individual alloy. For example, 24S is an aluminum alloy 
containing approximately 92 percent aluminum with small 
amounts of manganese and magnesium. The purest form of 
commercial aluminum is approximately 99 percent and is 
designated as 2S. Following the letter S, there may be addi- 
tional letters or numerals to indicate the kind of temper. 
For example, the letter T, often followed by one or more 
numerals, indicates that the metal has been heat treated and 
fully aged. The table in figure 8-13 lists some of the im- 
portant aluminum alloys- Some important steels and their 
uses are listed in the table in figure 8-14. Magnesium came 
into wide use during World War II. When alloyed with 
small amounts of zinc, aluminum, and manganese, it has the 
highest strength-to- weight ratio of any of the commonly used 
metals. 
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NONSTRUCTURAL 



Material and forms 
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Rods, bare, etc.. 


46-A-8 


4S 


fairing, etc. 


Welding rod 


46-R-l 
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Aluminum alloy 








Cu-MG-MN-Cr: 








Sheet 


47-A-ll 


52S 


Cowling, fuselage, fair- 


Tubing 


44-T-32 


52S 


ing, and streamlining, 








fuel and oil lines, etc. 



Note. — Alloy 52S is preferable to the above (2S, 3S and 4S) and should be used for 
the above purposes. 



STRUCTURAL (HEAT-TRKATED) 



Aluminum alloy 






All structural shapes, 


Al-Cu-Mg-Mn: 






frames, struts, skin 


Sheet 


47-A-3 


17ST 


(floats and hulls) , 


Tubing (round) 


44-T-21 


17ST 


wings, fuselages. 


Tubing (streamline) 


44-T-22 


17ST 


Balancing surfaces, etc. 


Bare, rods, wire 


46-A-4 


17ST 




Forgings _ 


46-A-7 


17ST 




Rivets 


43-R-T 






Aluminum alloy 






Al-Cu-Mg-Mn: 








Sheet 


47-A-10 


24ST 




Bar, rod, shapes _ 


46-A-9 


24ST 





Note. — Alloy 248T is preferable to 17ST and should be used for all structural purposes. 



Figure 8-1 3. Navy designation of and uses for aluminum alloy. 
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Bends 



Figure 8-15 illustrates some of the terms which apply to 
sheet metal bends. Note that the bend radius is always 
measured to the inside surface. The sharpest bend that can 
be put in a piece of metal without critically weakening it is 
the minimum radius of bend. The table in figure 8-16 gives 




Figure 8-1 5. — Terms used in reference to bends. 



the generally accepted minimum radius of bend for various 
alloys and thickness. 

The length of metal to allow for a bend can also be found 
by consulting tables which may be found in most sheet metal 
handbooks. If you do not have access to a table giving these 
values, the allowance for a 90 degree bend can be estimated 
fairly closely by using a formula. Multiples or fractions of 
90 degrees can also be computed from this formula. The 
formula is phrased thus, 

A 7r(R+yoT) 

A " 2 
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In this formula, 

7? = radius, 

T = thickness of metal, 
A — allowance for 90 degree bend. 
The relationship of these factors is illustrated in figure 
8-17. 




Figure 8—1 7. — T*rm» In bond allowance formula. 



The amount of setback for any bend can be computed by 
the formula : 

S=K(R+T). 

In this formula, 

S= setback, 
R= radius, 

T= thickness of metal, 
K= constant. 

For a 90 degree bend, K is equal to 1. In other words, the 
setback on a 90 degree bend is simply the radius plus the 
thickness of the metal. (See fig. 8-16.) The value of K 
for other angles can be found in the table in figure 8-18. 

21 • 





K 


A° 


K 


A 0 


K 


A 0 


K 


1 


0.00873 


46 


0. 42447 


91 


1.0176 


136 


2. 4751 


2 


.01745 


47 


.43481 


92 


1.0355 


137 


2.5386 


3 


.02618 


48 


.44523 


93 


1.0538 


138 


2. 6051 


4 


.03493 


49 


.45573 


94 


1.0724 


139 


2.6746 


5 


.04366 


50 


.46631 


95 


1.0913 


140 


2. 7475 


6 


.05341 


51 


.47697 


96 


1.1106 


141 


2.8239 


7 


.06] 16 


52 


.48773 


97 


1.1303 


142 


2. 9042 


8 


.06993 


53 


.49853 


98 


1.1504 


143 


2.9887 


9 


.07870 


54 


.50952 


99 


1.1708 


144 


3.0777 


10 


.08749 


55 


.52057 


100 


1.1917 


145 


3.1716 


11 


.09629 


56 


.53171 


101 


1. 2131 


146 


3.2708 


12 


.10510 


57 


.54295 


102 


1.2349 


147 


3.3759 


13 


.11393 


58 


.55431 


103 


1.2572 


148 


3.4874 


14 


.12278 


59 


.66577 


104 


1.2799 


149 


3.6059 


15 


.13165 


60 


.57735 


105 


1.3032 


150 


3.7320 


16 


.14054 


61 


.58904 


106 


1.3270 


151 


3.8667 


17 


.14945 


62 


.60086 


107 


1.3514 


152 


4.0108 


18 


.15838 


63 


.61208 


108 


1.3764 


153 


4.1653 


19 


.16734 


64 


.62487 


109 


1.4091 


154 


4.3315 


20 


.17633 


65 


.63707 


no 


1.4281 


155 


4. 5107 


21 


.18534 


66 


.64941 


111 


1.4550 


156 


4. 7046 


22 


.19438 


67 


.66188 


112 


1.4826 


157 


4.9151 


23 


.20345 


68 


. 67451 


113 


1.5108 


158 


5. 1455 


24 


.21256 


69 


.68728 


114 


1.5399 


169 


5. 3995 


25 


.22169 


70 


.70021 


115 


1.5697 


160 


5. 6713 


26 


.23078 


71 


.71329 


116 


1.6003 


161 


5. 9758 


27 


.24008 


72 


.726^4 


117 


1.6318 


162 


6.3137 


28 


.25862 


73 


.73996 


118 


1.6643 


163 


6. 6911 


29 


.25863 


74 


.75355 


119 


1.6977 


164 


7.1154 


30 


.26795 


75 


.76733 


120 


1.7320 


165 


7. 5957 


31 


.27732 


76 


.78128 


121 


1.7675 


166 


8.1443 


32 


.28674 


77 


.79543 


122 


1.8040 


167 


8. 7769 


33 


.29621 


78 


.80978 


123 


1.8418 


168 


9. 5144 


34 


.30573 


79 


.82434 


124 


1.8807 


169 


10.385 


35 


.31530 


80 


.83910 


125 


1.9210 


170 


11.430 


36 


.32492 


81 


.85408 


126 


1.9626 


171 


12.706 


37 


.33459 


82 


.86929 


127 


2. 0057 


172 


14. 301 


38 


.34433 


83 


.88472 


128 


2. 0503 


173 


16.350 


39 


.35412 


84 


.90040 


129 


2.0965 


174 


19.081 


40 


.36397 


85 


.91633 


130 


2.1445 


175 


22.904 


41 


.37388 


86 


.93251 


131 


2.1943 


176 


26.636 


42 


.38386 


87 


.94896 


132 


2.2460 


177 


38. 188 


43 


.39391 


88 


.96569 


133 


2.2998 


178 


57.290 


44 


.40403 


89 


.98270 


134 


2. 3558 


179 


114.590 


45 


. 41421 


90 


1.00000 


135 


2. 4142 


180 


Infinite 



Figure 8-1 8.— K chart for computing setback. 
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Rivets 

Riveting and spot-welding are two of the most common 
methods of joining sheet metal parts. A description of weld- 
ing processes can be found in M ILr-STD-20, Military Stand- 
ard Welding Terms and Definitions. 

The rivets used in airplane construction are usually solid 
shank rivets, obtainable with one of the types of heads pic- 
tured in figure 8-19, The round-head type is used on thick 
sheets where head bearing area is not too important, but 
where great head strength is desirable. The brazier-head 
type is more suitable for thin sheets because of its large area. 
For this reason, and because it offers little wind resistance, it 
is used extensively for riveting skin sheets. The countersunk- 
head type is used for riveting sheets over which other plates 
must fit. This type is also often used where heads are ex- 
posed to the slip stream. The flat-head type is sometimes 
used for internal riveting where increased clearance is re- 

AN 430 AN 456 AN 426 AN 442 AN 470 

ROUND BRAZIER COUNTER- FLAT UNIVERSAL 

SUNK 

Figure 8—19. — Basic head shapes of rivets. 

AN430AD-4-5 Length in 16ths 

i Diameter in 32nds 

Alloy (A17S) 

Head Shape (round) 

Army-Navy 

Note: Observe the position of the dashes in the 
example and be consistent in their use. 

Figure 8-20. — A-N rivet coding example. 
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quired. The universal-head type is now extensively used in 
place of other protruding head types. 

The system of letters and numerals used by the Navy and 
Air Force for coding rivets is illustrated in figure 8-20. 

The four kinds of aluminum alloy usually used in aircraft 
rivets are designated by the following code letters : 

2S and 3S none or A 

17S D 

24S DD 

A17S AD 

Rivets of each alloy are identified by the markings on the 
head, as illustrated in figure 8-21. 




PLAN HC AD RAOEO CROSS RAISED TIT DIMPLE RAISED DOUBLE RADIUS SANS 

TYPE A TYPE B TYPED TYPE AD DASH 

ALLOY 2S ALLOY MS ALLOY ITS ALLOY A 17 S TYPE 00 

S5S OAI7ST BAITS-T ALLOY MS 248 -T 

Flgur* 8-21. — Riv«t identification markings. 



Roughly speaking, rivets are chosen of material similar to 
the material which is to be joined by them. The A17ST is 
popular for riveting aluminum alloy structures. It has high 
resistance to corrosion and high shear strength, and it can be 
used in the condition in which it is received without further 
heat treating. 

The required diameter of a rivet is determined largely by 
the thickness of the material. A large rivet in a thin sheet 
might result in an undesirable bulging of the thin material 
around the rivet head. On the other hand, too small a rivet 
would not have sufficient shear strength to carry the load. 
It is considered best for the diameter of a rivet to be no less 
than the combined thickness of the component parts of the 
joint. Very few rivets are used that are over % 6 inch in 
diameter. Rivets smaller than % 2 inch should not be used 
on any structural parts that carry stresses. 
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G'GRIP (TOTAL THICKNESS) 
. D« DIAMETER OF RIVET USED 
1 ;j-D + G = TOTAL LENGTH OF RIVET 

Figure 8-22. — Correct rivet length. 



J — m — p [n g 



LS I 126 




LSI 127 



MANDREL 
OR STEM 



NOTCH 



RIVET 
HEAD 



RIVET 
SHANK 



UPSETTING HEAD 




RIVET 
GUN 



CLIP 
STEM 




(I) (2) (S) (4) 

Figure 8—23. — Cherry rivett and the method of installing them. 
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EXPANDED 




(A) (B) 
Figure 8-24. — Explosive rivets. 
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The length of a rivet should be equal to the combined thick- 
ness of the parts plus approximately iy 2 the rivet diameter. 
(See fig. 8-22.) 

There are many places in an airplane where access to both 
sides of a riveted structural part is impossible or where space 
is too limited for a rivet to be headed in the usual manner. 
Furthermore, in the attachment of many nonstructural parts, 



PLUG HEAD BARREL PLUG 




5 

L0K-5KRU L0K-R1VCT 



Figure 8-26. — Lok-screw and lok-rivet. 



BARREL SET SCREW FOR 




ASA INST SHEET METAL 

Figure 8-27. — Tools and steps for lok-rivet installation. 
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the full strength of solid shank rivets is unnecessary, and 
their application would add much extra weight. For use in 
such places, rivets have been designed which can be bucked 
from the accessible side and are lighter than solid shank 
rivets. Four such rivets and their application are illustrated 
in figures 8-23, 8-24, 8-25, 8-26, and 8-27. 





Another rivet worthy of mention is the Hi-shear rivet 
shown in figure 8-28- These rivets have the same shear 
strength as comparable sizes of AN hexagon head bolts or 
steel screws, but they are lighter and require less space than 
a bolt of comparable strength. Installation time is about 
one-fifth of that required for bolts. 

In general, the spacing of rivets where a part is being 
repaired should conform to that used by the manufacturer 
in the surrounding area. The edge distance, or distance 
from the center of the first rivet to the edge of the sheet, 
should not be less than two rivet diameters or more than four. 
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RfVET PITCH EQUALS 
6 TO 8 DIAMETERS 



DISTANCE , 



EDGE 

2 TO Z'i DIAMETERS 



SINGLE -ROW LAYOUT 



.TRANSVERSE RTCH EQUALS 
75% OF RIVET PITCH 



TWO -ROW LAYOUT 



\ \ 



THREE-ROW LAYOUT 
Figure 8-29. — Riv«r spacing. 



About 2y 2 rivet diameters is the distance recommended. The 
average rivet pitch ranges from 6 to 8 diameters. Trans- 
verse pitch is the distance between the rivet rows and is 
usually equal to 75 percent of the rivet pitch. The smallest 
allowable transverse pitch is 2y 2 rivet diameters. Figure 
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8-29 shows how rivets are spaced in a single-row, a two-row, 
and a three-row pattern. 



Belts 

Aircraft bolts are used to join parts which are under very 
high tension, parts where repeated dismantling is necessary, 
or parts which are unsuitable for welding, riveting, or other 
means of fastening. Aircraft bolts are usually made of cad- 
mium- or zinc-plated nickel steel, phosphor-bronze, or alu- 
minum alloy. 

Bolts are classed as AN general purpose, AN close toler- 
ance, and AN special purpose bolts, or as NAS bolts. AN 
stands for Air Force-Navy and NAS for National Aircraft 
Standard. Most bolts belong to the AN group. Aircraft 
manufacturers sometimes make up bolts of different dimen- 
sions or higher strength qualities than either the AN or NAS 
bolts can give. These bolts are made for a particular appli- 
cation. It is important therefore that such bolts be replaced 
only by like bolts, designated by a part number. 

Markings on the head of a bolt indicate both type and 
material, and whether it is AN or NAS. (See fig. 8-30.) 
Additional information, such as bolt diameter, bolt length, 
and grip length, may be obtained from a standard part num- 
bering system. Unless otherwise indicated, all thread sizes 
on aircraft bolts are of the National Fine (NF) series. 






AIR FORCE-NAVY 
STEEL BOLT 



24ST ALUMINUM 
ALLOY BOLT 



NATIONAL AIRCRAFT STANDARD 
PHOSPHOR-BRONZE BOLT 



Figure 8-30, 



•Bolt-head markings. 
227 



COMMON HEX BOLT 



DRILLED HEAD BOLT 




CLEVIS BOLT INTERNAL WRENCHING 

BOLT 

Figure 8—31. — Bolt types in general us*. 




GRIP LENGTH CORRECT 

Figure 8-32. — Correct and Incorrect bolt length. 
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Figure 8-31 shows some important types of bolts. When 
a bolt is selected, its grip length should equal the thickness of 
the materials to be bolted together and no part of the threads 
should bear on the material. If the grip length exceeds the 
thickness of the material, a washer may be used, as shown in 
figure 8-32. 

Aircraft Nuts 

Nuts do not accompany bolts when the bolts are ordered. 
The nuts must be ordered separately. No identifying mark- 
ings or lettering appears on the nuts. They can be identified 
only by appearance. Except for a few very special types, 
nearly all aircraft nuts are Air Force-Navy Standard. 

Aircraft nuts can be divided into two general groups: (1) 
non-self-locking nuts, which must be made safe by external 
locking devices, such as lock washers, cotter pins, or safety 
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BELLOWS STYLE NUT ELASTIC STOP NUT 



Figure 8-34. — Self-locking nuts. 

wire and (2) self-locking nuts, which contain the locking 
feature as an integral part. (See figs. 8-33 and 8-34.) 

Aircraft Screws 

Screws are the most common form of threaded fastening 
devices used on aircraft. Generally, they differ from bolts 
in that they are made of lower strength material, they can be 
installed with a looser thread fit, the head shapes are formed 
to engage a screwdriver or a wrench, and the shanks have no 
clearly defined grip or may even be threaded along their 
entire length. 




Figure 8-35. — Screws used in aircraft. 
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Screws may be classified roughly into three groups: (1) 
structural screws, which have the same strength as equivalent 
size bolts; (2) machine screws, which include the majority 
of types used for general-purpose repair and maintenance of 
aircraft; and (3) self-tapping screws, which may be used 
for attaching lighter weight, nonstructural parts. (See fig. 
S-35.) 




Airloc fastener. Ccrm/oc fasfener. Dzus fastener. 



Figure 8— 36.— Cowling faitoiwn. 

Cowling Fasteners 

Cowling fasteners are used extensively in airplane con- 
struction for attaching cowling and fairing, and for fasten- 
ing the doors of baggage compartments, inspection openings, 
access doors, and the like. They usually consist of a spring 
assembly, a stud, and a grommet. The spring serves as a 
tightening device and safety feature. Three approved cowl- 
ing fasteners in common use on aircraft are the Dzus, the 
Camloc, and the A i rloc. ( See fig. 8-36. ) 

Plumbing Lines 

Aircraft plumbing lines may be made of metal tubing and 
fittings or of flexible hose. Metal tubing and fittings are 

349655 0—56 16 231 




Figure 8—37. — A. Three-piece flared type fitting. B. Bead-and-clomp-type 

fitting. C. Sleeve-type fitting. 



used in high pressure or critical systems while flexible lines 
are generally used in low pressure systems and for the attach- 
ment of units that are subject to vibration. 

Copper tubing on aircraft has been largely superseded by 
aluminum alloy or steel tubing. The high fatigue factor of 
copper tubing is the chief reason for its replacement. It be- 
comes hard and brittle from vibration and finally breaks. 
The characteristics of workability and resistance to corro- 
sion, coupled with the light weight of aluminum alloy, have 
been major factors in the adoption of aluminum alloy. In 
some special high pressure hydraulic installations for the 
operation of landing gear, flaps, brakes, and the like, an- 
nealed corrosion-resistant steel tubing is often used. Ex- 
ternal brake lines are often made of steel tubing, because it 
can better withstand damage caused by thrown stones or by 
accidents in ground handling. Furthermore, since the flared 
section of steel tubing becomes somewhat stronger with cold- 
working and strain-hardening during the flaring process, 
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and since its higher tensile strength permits the use of tubing 
with thinner walls, the final installation weight is not very 
much greater than that of the thicker-walled aluminum-alloy 
tubing. 

Three types of plumbing connectors, which are in general 
use for attaching pieces of tubing to other tubing or to sys- 
tem units, are illustrated in figure 8-37. Pressure in the 
system is usually the deciding factor as to which connector 
should be used. The beaded type of joint, which requires a 
bead, a section of hose, and hose clamps, may be used only 
in low or medium pressure systems, such as vacuum, fuel, oil, 
and coolant systems, and in low pressure hydraulic systems. 

Bonding clamps secure lines to the airframe or to the strut 
assembly. (See fig. 8-38.) The rubber cushioned clamp is 
for lines which are subject to vibration. The cushion pre- 
vents chafing of the tubing. The plain clamp is for lines 
that are not subject to vibrations. 




Figur* 8—38. — Bonding clamps. 



A direct straight line connection should never be made 
between two fixed attachment points, as bends are necessary 
to permit the tubing to expand or contract under tempera- 
ture changes, and to absorb vibration. (See fig. 8-39.) 
figure 8-40 shows the minimum distance for locating bends 
from the ends of tubing. 
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RIGHT 




RIGHT 



f 



3D 



RIGHT 



=0d| 




WRONG WRONG WRONG 

Figur* 39.— Right gnd wrong morhodt of installing tubing and fittings. 



LENGTH OF 
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EM 



START OF 
BENO 



u 



\ 

AT LEAST 2 '/2 
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OF NUT 



LONGEST LENGTH 
OF THE SLEEVE 



START OF 
BENO 



AT LEAST | V2 
TIMES LONGEST 
LENGTH OF THE 
SLEEVE 



STANOARD TYPE FITTING TRIPLE TVPE FITTING 

Figure 8—40. — Locating bands in tubos. 



The minimum desirable or minimum allowable bend radii 
for various kinds of tubing can be obtained from tables, 
such as the one in figure 8-41. Too sharp a bend will cause 
a tube to flatten and may cause wrinkling, kinking, or crack- 
ing of the tube material, especially if proper tools are not 
available and bending has to be done by hand. 

SPECIAL DRAWING METHODS 

An object with complex curvature, such as the hull of a 
ship or the fuselage of an airplane, cannot be fully illustrated 
and dimensioned in simple orthographic views. In practice, 
whenever it is necessary to show surface curvature, contour 
lines at various station points are drawn on a single drawing, 
in a manner somewhat similar to the way hill contours are 
shown on a map. 
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When an airplane is designed, these lines are laid out full 
scale and to very close tolerances on the floor of the moid 
lopt. Mold loft is a term that was used by shipbuilders long 
before the invention of airplanes. It gets its name from the 
fact that the space designated by a shipyard for this full- 
scale layout work has usually been the top floor of the largest 
building available where the loftsman could work in a good 
light and comparative quiet. On these full-scale layouts, 
curves can be checked for smoothness, dimensions can be 
checked for accuracy, and other dimensions can be deter- 
mined. Templates are then made to be used in the shop fab- 
rication of the parts. 

Constructing Faired Curves 

In general, a curve is considered smooth or faired if a 
draftsman using a normally straight spline with ducks can 
make it lie on all points of the curve without forcing it. If 
any of the ducks, except one at an end, is lifted, the spline 
should not spring away from its position. That is, the curve 
should be perfectly smooth with no slight reverse curves in it. 

Figure 8-42 illustrates a method of constructing a faired 
curve geometrically when only three points on the curve are 
known: 

1. Locate the points for clearance, shown as A, O, and B 
in figure 8-42. 

2. Draw a base line through point A, a line through point 
A which is perpendicular to the base line, and a line 
through point B which is parallel to the base line, thus 
locating point C. (See fig. 8-42 A.) 

3. Draw lines AD and BE through point O. (See fig. 
8-42A.) 

4. Draw AF so that it crosses BE at any point above 0, 
as shown in figure 8-42B. 

5. Through the intersection of AF and BE, draw line CG. 
(See fig. 8-42B.) 
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6. Draw line BH through the intersection of AD and CG. 
The intersection of this line BH with AF is a point on 
the curve, as shown in figure 8-42B. 

7. Continue this procedure, as shown in figures 8-42C and 
8-42D, until as many points on the curve as are desired 
have been located. 
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Templates 

Aircraft sheet metal parts are ordinarily made by scribing 
and cutting around templates and even the forming is done 
according to instruction on templates made from the draw- 
ings. These templates are usually made of sheet steel. The 
templates illustrated in figure 8-43 are typical and show the 
required standard notes and markings. To the right of the 
templates in the figure are the finished parts after they have 
been cut out and bent. At some time you may be required 
to work on templates. If you will study Blueprint Reading, 
NavPers 10077, you will get a more detailed description of 
sheet metal layout work than it is possible to give here. 

Duplication of Pattern 

Figure 8-44 illustrates a method often used in the shop for 
duplicating a sheet metal part when blueprints are not avail- 




Figure 8*43. — A. Template with two tabs. B. Template with large tab. 
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able. The method is given here because you may also find 
it useful in the drawing room. 

First, draw a reference line, such as AB, on the sample part 
and also on the drawing paper or template material. Next, 
draw arcs of sufficient number and sufficient length to cover 
the entire pattern. Increase the number of arcs where there 
are sharp curves on the object. An arc must pass through 
each corner. Then, using the intersections of arcs and ref- 
erence line as centers, locate the points which give the outline 
of the object. 




A B 




C D 

Figure 8—44. — Duplication of pattern. 
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QUIZ 



1. What is the maximum desirable length of an aircraft drawing? 

2. Give two uses of dash numbers. 

3. What determines the location of station zero in a system of station 
marking? 

4. Name three types of equipment which can often be shown more 
clearly in isometric or other pictorial views. 

5. Why is it customary to have all dimensions read from the bottom 
on aircraft drawings? 

6. What are the two basic types of construction used in aircraft? 

7. What type of construction is used in most military aircraft? 

8. What effect does the lowering of wing flaps have on the lift and 
the drag of the wings? 

9. Give three reasons why aluminum and its alloys are widely used 
in aircraft manufacture. 

10. What is meant by minimum radius of bend? 

11. Name five types of solid shank rivet heads now used in aircraft 
construction. 

12. When a rivet is selected, what largely determines its diameter? 

13. Name four kinds of rivets that can be clinched from the side from 
which they were inserted. 

14. What is the general rule for spacing of rivets in repair work? 

15. How are bolts used? 

16. In what two general groups can nuts be classified? 

17. How do screws differ from bolts? 

18. Name three ways in which cowling fasteners may be used. 
19 When are flexible plumbing lines generally used? 

20. Why are bends always necessary in any line of tubing? 

21. When a bend in a tube is too sharp what may happen? 

22. What is a faired curve? 

23. Are sheet metal parts usually made by taking information directly 
from the drawing or blueprint? 
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CHAPTER 




ELECTRICAL AND ELECTRONIC DRAWINGS 

ELECTRICAL THEORY 

Most electrical drawings are schematics or diagrams. 
They tell you not how an electrical system appears, but what 
it does and how it does it. The devices in the system are 
shown by standard symbols, and to know what the symbols 
stand for is useless, unless you also know how the devices 
affect electrical current or voltage. In order to understand 
this, you need a background of knowledge of electrical 
theory. 

Chapter 11 of Draftsman 3 y NavPers 10471, includes short 
discussions on electricity and electromagnetism. You should 
also read the basic Navy training courses, Electricity ', Nav- 
Pers 10622-B, and Basic Electronics, NavPers 10087. The 
quiz has been omitted at the end of this chapter because the 
text includes a considerable number of questions, the 
answers to which may be found by reference to these basic 
courses. MIL-STD-15A, Electrical and Electronic Sym- 
bols, contains the latest military standards for the symbols. 

Some of you have been working as electrical draftsmen 
and are up to date on the basic theory. For you, the fol- 
lowing summary may be old stuff, but check yourself on your 
understanding of electricity by seeing how many of the ques- 
tions in this section you can answer. Some of you have only 
read the basic text, and electrical theory like most theory 
is quickly forgotten unless you have occasion to apply it. 
You will want to go back and read the first five chapters in 
NavPers 10622-B carefully before you answer the following 
questions : 
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1. How do like charges of electricity act on each other? 

2. How do unlike charges act on each other ? 

3. How does a capacitor (condenser) act to store electri- 
cal energy ? 

4. What is the unit of measure of current strength ? 

5. What two things control the strength of current in a 
circuit? 

6. What four things affect the resistance of a conductor ? 

7. Why are fuses made of metals which melt at a rela- 
tively low temperature ? 

8. Why are no intentional grounds used on regular Navy 
ships? 

9. What does emf mean ? 

10. What four kinds of energy can be converted into elec- 
trical energy ? 

11. What are the two most common sources of electrical 
power ? 

12. Why can't primary cells be recharged ? 

13. What is the principal advantage of secondary cells? 

Ohm's Law 

Next read Chapter 6 in Electricity. An understanding of 
Ohm's law, which is discussed in this chapter, is fundamental 
to an understanding of the electrical circuits which you must 
draw, because it defines the relationship between current, 
voltage, and resistance. In any electrical circuit, if the 
voltage is held constant and the resistance is increased, the 
current decreases in proportion to the increase in resistance. 
If the voltage is held constant and the resistance decreased, 
the current increases in proportion to the decrease in 
resistance. 

The chapter ends with three statements which anyone 
working with circuits must keep constantly in mind : 

1. The strength of the electrical current, or amperage, de- 
pends on both the resistance of the circuit and the volt- 
age applied to the circuit. 
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2. The resistance does not depend on either the current or 
the voltage. The character of the conducting path, the 
wires and the load, determine the resistance. 

3. The emf of a circuit does not depend on either current 
or resistance, but is determined entirely by the generator 
or battery supplying the circuit. 

Electromagnetism 

Chapter 11 of Electricity discusses another power, magne- 
tism, and chapter 12 introduces you to electromagnetism. 
Few electrical machines or devices are operated by electricity 
alone. Their action usually comes from the interaction of 
the two forces — electricity and magnetism. In chapter 13, 
this interaction, induction, is discussed. 

Be sure that you can answer the following questions on the 
material in these chapters : 

1. What is the name given to the arrow which is used 
to show the direction and strength of a force ? 

2. How do like magnetic poles act toward each other? 

3. How can you increase a coil's strength without chang- 
ing the construction ? 

4. What two factors control the direction of an induced 
emf? 

5. What three factors control the strength of an induced 
emf? 

6. How many circuits are necessary for mutual induction ? 

7. How many circuits are necessary to produce self- 
induction ? 

8. Will steady direct current produce a continuous self- 
induction ? Why ? 

9. In what way does pulsating d-c differ from regular 
d-c? 

10. In what two ways does a-c differ from regular d-c ? 
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Alternating Current 

Chapter 17 in Electricity discusses a-c circuits. Be sure 
you know how resistance, inductive reactance, and capacitive 
reactance affect the phase of an alternating current. Re- 
member that an induced voltage is always opposed to the 
change in current that is producing it. If the current is in- 
creasing, the induced emf opposes the increase and has an 
opposite polarity to that of the current. If the current is 
decreasing, the induced emf opposes the decrease and has the 
same polarity as that of the current. This effect of self- 
inductance is greatly increased if the conductor is wound into 
a coil, and it is increased still more if the winding is on an 
iron core. Self-inductance has the effect of causing the cur- 
rent to lag behind the applied voltage. 

Capacitance is the ability or tendency of certain parts of 
a circuit to absorb and hold an electric charge for a short 
period of time. The effect of capacitive emf in an a-c circuit 
is to cause the current to lead the applied voltage. The 
capacitive emf in a circuit always opposes the inductive emf 
that exists in the circuit. Capacitance causes the current to 
lead the applied voltage, whereas inductance causes it to lag. 
Thus inductance and capacitance produce opposing effects. 

The ratio of the induced voltage to the current is called 
inductive reactance. Similarly, the ratio of the capacitive 
emf to the current is called capacitive reactance. Individ- 
ually, inductive reactance and capacitive reactance both limit 
the flow of current. Collectively they cancel each other and 
the net reactance is equal to their difference. 

Almost every kind of electrical device produces either one 
or the other of these effects on the a-c circuit. A-c induction 
motors have a high inductive effect. Synchronous motors, 
on the other hand, have a high capacitive effect under certain 
conditions. Long distance telephone lines have high capaci- 
tance. Sometimes a capacitor or an induction coil must be 
inserted in a circuit to bring the Xc (capacitive reactance) 
and the X L (inductive reactance) into proper balance. 
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MOTORS, GENERATORS, AND ELECTRICAL DEVICES 

The design of a shipboard power distribution system varies 
with a vessel's function. A-c systems are installed in battle- 
ships, carriers, cruisers, destroyers, escort vessels, and nu- 
merous auxiliary vessels. D-c systems are installed in 
submarines, small surface vessels, and large auxiliary vessels 
with considerable deck machinery that requires d-c service 
for its operation. 

In general, d-c motors are used where wide variations of 
speed are required, as on winches, windlasses, and the steer- 
ing gear of ships. Direct current must be used, for example, 
to charge storage batteries, and the current from a storage 
battery cannot be used in a system built for a-c, so d-c is used 
in any electrical system where a reserve supply of energy 
must be carried in storage batteries. 

One of the most desirable features of the alternating cur- 
rent system is the ability to change its voltage efficiently with 
transformers. A-c generators (alternators) and motors are 
usually of simpler mechanical construction than d-c gen- 
erators and motors, and usually give longer service between 
overhauls. 

Generators and Alternators 

Chapter 14 of Electricity discusses d-c generators and a-c 
alternators. The principles involved in these machines can 
be applied to motors and to many electrical devices which act 
in the same way. Chapter 21, "Electrical Machines," gives 
a resume of these principles. Be sure that you can answer 
the following questions : 

1. What is the name of the iron frame on which the pole 
pieces of a generator are mounted ? 

2. What is the movable core of the generator called? 

3. What type of current is produced by the moving coils of 
a generator ? 

4. What is the name of that part of a generator which con- 
verts the current produced in the coils to direct current? 
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5. How are the majority of alternators mechanically op- 
posite in design to generators? 

(5. What is the part of an alternator which carries the 
rotating field poles? 

7. What is the frame of an alternator called ? 

Motors 

If a closed coil is forced to rotate through a magnetic field, 
an induced current is produced in this coil and mechanical 
energy is converted into electrical energy. That is generator 
action. When current flows through a conductor and the 
conductor is in a magnetic field, a force acts on the conductor 
which tends to move it out of the field, and electrical energy 
is converted into mechanical energy. That is motor action. 

Like the generator, the d-c motor includes a stationary iron 
yoke or frame on which the pole pieces are mounted, a rotat- 
ing armature, and a commutator. In a motor, the torque, or 
turning effort, must always be unidirectional if the armature 
is to rotate. This is accomplished by reversing the current 
in the armature coils at the instant they pass from one pole 
to the next ; that is, by converting the direct current in the 
external circuit into alternating current in the armature cir- 
cuit. The commutator of a d-c motor converts the direct 
current into alternating current by automatically reversing 
the connections between the armature coils and the external 
circuit each time a coil passes through the commutating 
zone. 

Because it does not use a commutator, the a-c induction 
motor is not subject to many of the troubles encountered in 
the operation of d-c machines, such as sparking, high seg- 
ments, bad brushes, and shorted segments. Its design is 
simple and its construction rugged. It is particularly well 
adapted to constant-speed variable-torque loads, but it is 
possible to adapt the motor to some variable-speed loads. 
However, because of the additional features required for 
variable speeds, induction motors for this type of service are 
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expensive and generally inefficient compared with variable- 
speed d-c motors. 

The answers to the following questions concerning motors 
may be found in Chapters 15 and 16 of the Electricity course. 
If you find you have difficulty answering any of them, review 
these chapters. 

1. How does a d-c motor differ from a d-c generator in 
construction ? 

2. How is a compass needle reacting in a magnetic field like 
a tiny motor ? 

3. What is torque ? 

4. What happens to the amount of counter-emf if a d-c 
motor is slowed ? 

5. Why is a rheostat used on large motors ? 

6. Do a-c coils have a fixed polarity ? 

7. What does "polyphase" mean? 

8. What is another way of saying of a second out- 
of-phase?" 

9. What is a magnetic lock? 

10. Why are single-phase motors less efficient than three- 
phase motors? 

11. Describe a centrifugal switch on a motor? 

12. How do solenoid coils act as motor overload relays to 
stop the motor when it begins drawing too much cur- 
rent? 

Transformers 

Mutual induction occurs whenever the lines of flux of a 
magnetic field around a coil are cut by another coil. If a 
constant direct current is flowing in the primary coil, the 
secondary coil must move if it is to cut through the magnetic 
field, as in a d-c generator or motor. However, if the cur- 
rent in the coil in the primary circuit is a pulsating direct 
current, or alternating current, both coils may remain sta- 
tionary. A transformer consists basically of two stationary 
coils, and it is used in an a-c circuit not to increase power 
but to change the ratio between voltage and current. 
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It is transformers and their use in a-c circuits that make 
alternating current better than direct current for use where 
power is to be transferred over long distances. For example, 
suppose an alternator has an output equal to 230 volts and 
40 amperes. This current enters a transformer which steps 
up the 230 volts to 2,300 volts. This is a stepup ratio of 1 to 
10. However, transformers do not increase power. They 
simply change the ratio between voltage and current. There- 
fore when voltage is stepped up, current is cut down. In this 
case, the current would decrease from 40 amperes to 4 am- 
peres. With this low current in the circuit, smaller wires 
can be used, and there is less heat loss. At the equipment 
end, a transformer can again be used to alter the ratio be- 
tween current and voltage, stepping the voltage down to 230 
volts and the current up to 40 amperes, or to some other 
ratio at which the equipment will function efficiently. 

The amount of stepup or stepdown in voltage depends on 
the number of turns in the primary coil compared to the 
number of turns in the secondary coil. For example, if the 
size of wire used in both coils is the same and the primary 
main voltage is 220 volts, you would use a transformer whose 
secondary coil has half as many turns as the primary if you 
want a secondary voltage of 110 volts. 

1. How is energy transformed from the primary to the 
secondary of a transformer ? 

2. Suppose d-c were fed into the primary of a transformer, 
what would happen ? 

3. Explain how the secondary current controls the amount 
of primary current. 

4. If a welding transformer has a 1-turn secondary that 
delivers 400 amperes and an 800-turn primary, what is 
the primary current ? 

5. Is it absolutely correct to say that transformers are 100 
percent efficient ? 

6. What are the two kinds of losses that occur in a trans- 
former ? 

7. How can the losses of a transformer be reduced ? 
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Electron Tubes 



One of the basic components of any electronic equipment is 
the electron tube. The electron tube consists of a glass or 
metal shell which encloses a cathode, a plate, and usually one 
or more grids. The shell of the tube may be evacuated, in 
which case, it is a vacuum tube, or it may be filled with gas. 

Electron tubes and their action in radio circuits are dis- 
cussed in Chapter 19 of Electricity. Test yourself on your 
knowledge concerning them by answering the following 
questions : 

1. In thermionic emission, why do electrons shoot off the 
metal surface ? 

2. Why is the air removed from a vacuum tube ? 

3. Why is the cathode negative regardless of battery con- 
nections ? 

4. Why does current never flow from plate to cathode ? 

5. How does a diode act as a rectifier ? 

6. How does a grid control current in a triode ? 

7. Why must the grid be biased negatively ? 

8. How does a triode amplify signals? 
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CHAPTER 




DRAWINGS, SPECIFICATIONS, AND TAKEOFFS 

FOR STRUCTURES 

BUREAU OF YARDS AND DOCKS DRAWINGS 

The design, construction, alteration, repair, and improve- 
ment of Navy shore-base facilities are under the supervision 
and management of the Bureau of Yards and Docks. Ex- 
cept at advanced bases, where erection is done by construc- 
tion battalions, most construction is done by contract. A 
proposal for a construction project ordinarily takes the form 
of a schematic, which must be reviewed and approved by the 
management bureau and an officer authorized by the Bureau 
of Yards and Docks, before any work is done on the design 
and construction. 

When the project is approved, a drawing number is as- 
signed and complete working drawings and specifications are 
prepared. Invitations for bids from contractors are then 
made by advertising or other methods that provide open and 
fair competition. The contract is awarded to the bidder 
whose bid is considered most advantageous to the Govern- 
ment when price and other factors are considered. Draw- 
ings and specifications, which form the basis of contractual 
relations, are very carefully checked to eliminate anything 
that might cause a misunderstanding. 

Upon completion of a project, the Bureau requires that 
any modifications of the original design be shown or indi- 
cated on the original drawings. These drawings then show 
actual finished conditions and are known as record drawings. 

In addition to the Joint Army-Navy and Military Stand- 
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ards, the sizes and format of BuDocks drawings must con- 
form to current Bureau instructions. The technical publi- 
cation, TP-Te-1, Survey 8, Drawings, and Specifications, 
published by the Bureau, contains regulations of the Bureau 
concerning both drawings and specifications. 

Although pencil drawings on paper are generally accept- 
able, ink tracings on linen are used where very clear or very 
frequent reproduction is required. Where pencil drawings 
are made, it is recommended that transparencies be made 
and these used for reproduction in place of the originals. 

Each drawing sheet must bear a BuDocks serial number, a 
sheet designation number, the number of sheets in the con- 
tract set, the number of the corresponding specification, and 
the contract number, if any. Notes and statements on the 
drawing sheets should refer only to design and construction. 
Statements as to the quality of materials, workmanship, in- 
spections, tests, guarantees, etc., should be included in the 
specifications only. 

The drawing in figure 10-1 was prepared by the Bureau 
of Yards and Docks especially for use in this training course. 
Note that all the plans, elevations, and details for a one- 
bedroom house, plus the legend, architectural symbols, 
plumbing symbols, and electrical symbols, in addition to work 
schedules, are included. 

The scales are given at the bottom of the sheet, both as 
equations and as graphic scales. The plans and elevations 
were drawn to a scale of i4" = l'-0" and the sections to a 
scale of %" = l'-0". It is convenient to speak of the scales 
as equations, but when the drawing is reduced from its origi- 
nal size, the equations are no longer valid for scaling pur- 
poses. However, scaling of the drawing can still be accom- 
plished by using the graphic scales. 

No effort has been made to place the plans and elevations 
in third-angle orthographic projection, but they have been 
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grouped so that their relationship to each other can easily be 
seen. The floor plan shows the materials and construction of 
the walls. The foundation and floor framing plan below it 
indicates materials and construction of the foundation and 
floor. Below that are two truss drawings, one for wooden 
rafters and the other for steel. 

The heating and electrical systems are shown on one plan 
and the plumbing on another. The three sectional draw- 
ings are actually the same section, but one indicates the con- 
struction details when masonry is used, the second when the 
construction is wood frame, and the third when it is steel 
frame. 

The specifications to accompany this drawing are discussed 
in a later section of this chapter. 

Advanced Base Drawings 

The Bureau of Yards and Docks has prepared standard 
drawings to cover all major installations or structures that 
might be needed at an advanced base. These are compiled in 
a book called Advanced Base Drawings, NavDocks P-140. 
The drawings are done in a somewhat schematic manner to 
provide field personnel with necessary basic information. 
The Bureau recognizes the fact that many installations will 
require deviation from the plans in order to meet specific 
field conditions. Most of the items of material required for 
any assembly are identified in the bill of material by standard 
Navy stock numbers. Some of the older drawings have 
items identified by the now obsolete Yards and Docks stock 
list numbers. 

The standard Navy stock number is the official identifica- 
tion number of any item of Navy material, whether the 
number is used in the catalog, on a stock bin tag, on a requi- 
sition, or on a drawing. Each number has four principal 
parts, as illustrated in figure 10-3. Practically all the stock 
numbers found in the bills of material of NavDocks P-140 
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Stem number 

Figure 10—3. — Parts of a Navy stock number. 

begin with either G, Y, or C. G indicates that the particular 
article is listed in the General Stores Section of the Catalog 
of Navy Material. Y's and C's indicate that an article is 
listed in the Yards and Docks Section. 

If the assembly covered by a certain drawing is to be used 
as a part of other assemblies, it is given an assembly number. 
This assembly can then be listed as a single item in the bill 
of material for other assemblies and identified by its assem- 
bly number. For example, in the bill of material for the 
steel rigid-frame building in figure 10-2, the glass fiber insu- 
lation and the foundation and floor slab are identified by 
the assembly numbers 1411-2 and 1891. Details of these two 
items will be found on other sheets, the numbers of which are 
given in the block under the heading reference drawings. 
The building, complete with the basic electrical and mechani- 
cal equipment, is likewise identified by its assembly number 
in the bills of material for shops, storage buildings, and 
numerous other installations. The assembly number used 
will be one of the three indicated at the bottom of the sheet, 
depending on whether the assembly is for tropical or north- 
ern use or for some installation where insulation is required 
but oil-fired heaters are not. 

SPECIFICATIONS 

Architectural specifications contain in writing information 
on materials, construction methods, tests, etc., which is im- 
practical to put in the drawings. To the contractor and the 
foreman on the construction job, they are as important as the 
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drawings, and they are studied and referred to constantly. 
Construction contracts are based largely on the requirements 
laid down in the specifications. For these reasons, they must 
be very carefully prepared, giving all necessary information, 
and yet, they must be brief and concise, permitting only one 
interpretation. The following points will help you to pre- 
pare concise, accurate, and complete specifications : 

1. Use simple words. 

2. Use technical terms in their exact meaning. 

3. Use pronouns only if it is clear to which noun they refer. 

4. Avoid long sentences. 

5. Be careful in the use of punctuation. 

6. Give directions and not merely suggestions. 

7. Specify desired results rather than the methods to be 
used. 

8. Use a checklist to avoid repetition, contradiction, and 
illogical arrangement. 

The Bureau of Yards and Docks has prepared NavDocks 
Form No. 129h, for use when manuscripts of specifications 
are prepared. The use of the form is discussed in TP-Ad-4, 
Contract Administration. The Bureau has also published a 
List of Specifications Used in Contracts for Public Works , 
NavDocks P-34, which includes Bureau specifications which 
are to be used as manuscripts and not referenced and those 
which may be referenced, as well as pertinent Navy, military, 
and Federal specifications. 

The following specifications for a single house with one 
bedroom were prepared by the Bureau of Yards and Docks 
to accompany Yards and Docks Drawing No. 46582, which 
appears as figure 10-1. Read these specifications in reference 
to the figure. 
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SECTION 1. GENERAL CLAUSES. 

1-01. General description. — The building will be one story with a 
crawl space, and will be supported on concrete or masonry founda- 
tions. The construction will be by one of the following methods : 

(a) Masonry exterior walls, with wood framed floor, partition, 
and roof construction. 

(b) Wood frame exterior walls, interior partitions, and floor and 
roof construction. 

(c) Light steel frame exterior walls and trussed roof rafters, with 
steel bar joists and concrete slab for the floor construction, 
and with wood frame interior partitions. 

(d) Any other combination of the methods and materials of con- 
struction mentioned hereinbefore. Windows will be of metal 
of the casement type, or of wood of the double-hung type. 
Doors will be of wood. Insect screens and screen doors will be 
provided. On buildings having wood frame or light steel frame 
exterior walls, the exterior wall finish will be cement-asbestos 
shingles applied on wood sheathing. Roofing will be asphalt 
shingles applied on wood sheathing. Thermal insulation will 
be provided in the roof space. Interior walls, ceilings, and 
partitions will have plastered finish. Wood finish flooring over 
wood subflooring will be applied on wood framed floor con- 
struction. Asphalt tile will be applied to concrete floor slab 
where steel bar joists are used. Bathroom will have tiled 
floor, and a tiled wainscot around the tub only. Kitchen will 
have asphalt tile floor covering applied on wood flooring. 
Heater room will have concrete floor slab, and cement-mortar 
plastering on wood framed walls, partitions, and ceiling, ap- 
plied on metal lath. Complete heating, plumbing, and elec- 
trical systems will be provided, including the fixtures. The 
following work is not included as a part of this specification : 

( 1 ) Electric refrigerator ; 

( 2 ) Electric or gas range ; 

(3) Window shades and Venetian blinds ; 

(4) Clothes washing and drying units (automatic type) : 

(5) Garbage disposal unit ; 

(6) Sidewalks; 

(7) Rough and fine grading around the exterior of the building; 
seeding or sodding ; 

(8) Extension of utilities beyond a point 5 feet outside the founda- 
tion walls of the building. 

1-02. Definition. — As used herein, "provide," or "provided," shall 
be understood to mean "provide complete in place," that is, "furnish 
and install." 
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1- 03. Drawing accompanying specification. — Drawing number 
465682, dated 21 September 1953, accompanies this specification, and 
is a part thereof. 

SECTION 2. EARTHWORK. 

2- 01. General requirements. — Excavations shall be carried to the 
dimensions and depths indicated or necessary. Excavations carried 
below the depths indicated, without specific directions, shall be refilled 
to the proper grade with thoroughly compacted suitable fill, except 
that in excavations for wall, pier, or other footings, the concrete shall 
be extended to the bottom of the excavation ; all additional work of 
this nature shall be at the contractor's expense. Crawl spaces shall 
be excavated and graded to a uniform level not less than 2 feet below 
the bottom of the first story framing. Trenches for pipe lines shall 
be excavated along straight lines, and unless indicated otherwise, 
shall have a minimum of 6 inches between the outside of the pipe bell 
and the side of the trench or bracing, with a minimum width of trench 
of 2 feet ; additional excavation shall be made under bell ends to allow 
for calking and to give the pipe a uniform bearing. Excavations 
shall be kept free from water while construction therein is in progress. 
Backfill shall he placed as far as practicable, as the work progresses, 
in not more than 6-inch layers, and compacted to the maximum density 
practicable. The moisture content of the fill material shall be such 
that proper compaction will be obtained. Grading around the build- 
ing to a point 5 feet outside the foundation walls shall be finished 
reasonably smooth and sloped to drain away from the building in all 
directions; all material used for filling, backfilling, and grading shall 
be clean earth. 

2-02. Topsoil. — Material from excavations suitable for topsoil shall 
be deposited in piles separate from other excavated material. Piles of 
topsoil shall be located so that the material can be readily used for 
finished surface grading and shall be protected and maintained until 
needed. Topsoil, when used for finished surface grading, shall be 
spread uniformly to a point 5 feet beyond the foundation walls of the 
building, and rolled lightly to a thickness of about 4 inches. 

2- 03. Disposition of surplus material. — Surplus material, not re- 
quired for filling, backfilling, or grading, shall be deposited at the site 
of the work, and graded in such manner that the existing surface 
drainage will be maintained. 

SECTION 3. CONCRETE 

3- 01. General requirements. — All concrete shall be proportioned by 
volumetric measurements, using 1 part cement to 2 parts of sand and 
4 parts of gravel or crushed stone. Cement shall be approved brand 
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of standard Portland cement. Water for mixing concrete shall be 
potable. Sand, gravel, or crushed stone shall be of approved grades, 
clean and free from salt, dirt, clay, alkali, organic matter, and other 
impurities. Coarse aggregate shall be of a size that will be retained 
on a % -inch screen and will pass a 1-inch screen. Not less than 5 
sacks of cement, and not more than 7 gallons of water per sack of 
cement shall be used for each cubic yard of concrete. Concrete shall 
be mixed thoroughly to a uniform color and consistency, and shall be 
placed within 30 minutes of the time of mixing; retempering will not 
be permitted. Concrete as deposited shall be thoroughly tamped, 
spaded, rodded, or worked as the case requires; where concrete Is 
in contact with the earth, the earth shall be dampened before the con- 
crete is placed. 

3-02. Finishes. — Concrete platforms at front and rear doors shall 
be poured on well compacted earth subgrades ; the exposed top sur- 
faces of platforms shall be troweled hard and smooth, and shall be 
sloped slightly to drain away from the building. Cleavage joints 
consisting of several thicknesses of heavy saturated felt shall be pro- 
vided between concrete slabs and vertical masonry surfaces. Sills at 
front and rear doors shall be of precast or poured-ln-place concrete. 

3- 03. Concrete slabs. — Where concrete floor slabs are indicated to 
be used over steel bar joist construction, the concrete shall have a 
thickness of not less than 2 inches. The concrete shall be poured on 
waterproofed-paper-backed, welded, zinc-coated steel wire fabric form- 
ing that is clipped and secured to the top members of the joists ; welded 
fabrics shall be 3- by 4-inch mesh having diameter of wire of not less 
than 0.0155 inch. The coarse aggregate shall be as specified herein- 
before except that it shall be of such size as will pass a %-inch screen ; 
the concrete mix shall be 1 part cement, 2% parts fine aggregate, and 
not more than 3% parts coarse aggregate. The slab shall be screened 
and troweled to a uniformly level and smooth surface suitable for 
the application of asphalt tile, and at the proper elevation. Concrete 
floor slabs in the heater room adjoining the kitchen shall be of con- 
struction similar to the above. 

SECTION 4. MASONRY 

4- 01. General requirements. — Foundation walls from footings to 
the finished grade shall be constructed of concrete masonry units. At 
the option of the contractor, he may substitute poured-in-place con- 
crete foundation walls having a thickness of not less than 8 inches for 
the concrete masonry unit walla Exterior walls of the building shall 
be constructed of concrete masonry units, faced on the exterior with 
common brick. Chimney shall be constructed of common brick with 
a Are clay flue lining, and with a precast concrete coping at the top. 
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4-02. Materials. 

(a) Brick shall be selected hard-burned common clay brick of 
standard dimensions, having true faces, and straight and sharp 
edges and corners, and having an absorption of not more than 
15 percent by weight. 

(b) Concrete masonry units shall be the lead-bearing type of 
standard dimensions and may be formed of concrete, cinder 
concrete, or slag ; they shall have a face shell thickness of not 
less than 1% inches and shall have a maximum water absorption 
of 15 pounds per cubic foot (average of 5 units), when tested 
in accordance with specification ASTM C90-52. Concrete units 
may be air-, water-, or steam-cured; air-cured units shall be 
held in storage after manufacture a minimum of 28 days; 
steam- or water-cured units shall be held in storage after manu- 
facture a minimum of 10 days. All units shall be kept dry until 
used. 

(c) Mortar shall be mixed in the proportions by volume of 1 part 
Portland cement, 1 part hydrated lime paste, and 6 parts 
masonry sand, or of 1 part approved masonry cement and 3 
parts masonry sand. A sufficient amount of water shall be 
added and the mortar shall be mixed until the plasticity neces- 
sary for the purpose intended is obtained. The mortar shall 
be used so that it will be in place before the initial setting of 
the cement has taken place ; retempering of mortar will not be 
permitted. 

4-03. Workmanship. — The work shall be built level, square, plumb, 
and true. Brick and concrete masonry units shall be so handled that 
their edges and faces will not be chipped, spalled, or cracked. All 
brick shall be wetted thoroughly and permitted to drain surface dry 
before being laid in the walls, except during freezing weather. All 
drilling, fitting, and cutting required by other work and for making 
good after such work shall be done as necessary. Bolts, anchors, ties, 
lintels, sleeves, and any other work specified elsewhere in connection 
with the masonry shall, where practicable, be placed in position as 
the masonry work progresses. Joints in masonry work shall be not 
less than % inch, nor more than % inch, in width, and shall be level, 
plumb, and uniform in thickness. All brick shall be laid in common 
bond, with a through brick header course at every seventh course to 
bond with the concrete masonry unit backup; the brick facing shall 
be laid up first and after 6 courses are laid, the interior face of the 
brick wall shall be parged with a %-inch thick coating of cement 
mortar, and then backed up with 2 courses of concrete masonry units 
to form a bed for the through header course. All brick shall be 
shoved up in full mortar beds and all joints shall be entirely filled 
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with mortar, both bed and head joints. Concrete masonry units shall 
be laid by the "face-shell bedding" method. When the mortar in the 
joints of the brickwork is firm enough, it shall be tooled slightly con- 
cave, pressing the mortar in firm contact with all edges and ends of 
the brick. Joints in concrete masonry unit work shall be struck flush. 
After the joints in brickwork have been tooled, the exposed exterior 
surface of the walls shall be brushed to remove all loose and excess 
mortar. A sample panel not less than 4 feet long and 3 feet high 
shall be laid up for approval before the masonry work is started 
showing the coursing, jointing, and bonding of the work ; the finished 
work shall match the approved sample. Sills of windows shall be 
selected brick laid flat, and in a full bed of cement mortar to provide 
a wash and drip. Windows and door frames shall be built in as the 
work progresses and shall be plumbed, squared, braced, and anchored 
in position securely. Anchor bolts for sills and plates, and loose 
steel lintels for heads of doors and windows shall be built in properly. 
Masonry shall not be laid during freezing weather, nor when it ap- 
pears probable that freezing temperatures will occur before the mortar 
has set, unless, subject to approval, proper precautionary measures 
are taken. Upon completion all masonry work shall be pointed where 
necessary. All exposed surfaces of common brickwork shall be 
washed with stiff fiber brushes and a dilute solution of muriatic acid, 
followed immediately by rinsing thoroughly with clean water until 
all traces of the acid have been removed. All work that might be 
damaged, stained, or discolored during the cleaning operation shall 
be protected in a suitable manner. All workmanship shall be of the 
highest grade. 

4- 04. Flue linings and thimbles shall be of hard-burned fire clay, 
and shall be free from fractures, large or deep cracks, blisters, and 
other defects. They shall be set with fine clay mortar and the in- 
terior of the flues shall be kept free from mortar droppings. Thimbles 
of required dimensions shall be provided for flues and shall be located 
where directed. Chimney caps shall be calked around edges of flue 
lining with elastic cement. 

SECTION 5. MISCELLANEOUS STEEL AND IRON WORK. 

5- 01. General requirements. — Steel and iron shall be standard, 
well-finished structural shapes, or bar steel or bar iron. Cast iron 
shall be soft, tough gray iron. Wire not otherwise specified shall be 
cold-drawn steel. 

5-02. Anchors and bolts shall be provided where necessary for 
securing work in place. They shall be embedded in the masonry as 
it is constructed, and unless indicated or specified otherwise shall be 
installed approximately 2 feet on centers. Standard type joist an- 
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chors shall be provided at every third joist ; anchors shall be by 
1% by 24-inch long steel straps spiked to the sides of joists and ex- 
tending not less than 4 inches into the masonry with a hook end ; 
joists paralleling walls shall be anchored thereto at not to exceed 
8-foot spacings by %e by 1% by 48-inch long steel straps, dapped in 
and spiked to the tops of at least 4 joists and embedded in the masonry 
at least 4 inches. Girders shall be anchored to concrete or masonry 
piers by means of U-shaped steel strap anchors. Pressed steel joist 
hangers of proper size shall be provided for framing around chimney, 
and at other locations as necessary. 

5-03. Clean-out door and- frame of cast iron shall be installed in the 
base of the chimney ; door shall be about 8 by 10 inches, shall be 
hinged, and shall have latch or other suitable device for holding the 
door in a closed position. Door shall fit the frame neatly to provide 
as nearly an air-tight joint as practicable. 

5-04. Cast iron or steel grade vents shall be provided in the foun- 
dation walls ; they shall have cast iron or steel frames extending into 
the reveals, with provision for anchoring securely in place, and shall 
have square or diamond-shaped latticed fronts with about 1-inch 
square openings. Zinc-coated hardware cloth screens, in removable 
frames that can be replaced, shall be provided over the interior face of 
the latticed openings. Grade vents having doors to close the opening 
and of a type that can be operated from the exterior, may be provided. 
Similar type vent shall be provided in the exterior wall to the heater 
room. 

5-05. Lintels shall be of structural steel members; they shall be 
of ample length to provide at least a 6-inch bearing at each jamb. 
Steel bearing plates, %-inch thick shall be provided for openings over 
4 feet wide. 

5-06. Steel floor, wall, and roof framing. 

(a) Steel bar joists. — Materials, fabrication, and erection shall be 
in accordance with the standard specifications of the Steel Joist 
Institute, except as modified by the drawings or this specifica- 
tion. Diagonal strut bridging shall be provided, consisting of 
%-inch steel box channels welded or clipped to each joist, and 
anchored at the side walls into the masonry. The ends of steel 
joists shall have not less than 4-inch bearing on the masonry 
walls, and shall be provided with anchors. Extreme care shall 
be exercised during construction so that excessive loadings, or 
concentrations of building materials are not applied to light- 
steel framed buildings until such time as the proper anchoring, 
bridging, bracing, and staying have been provided. 

(b) Trussed steel rafters indicated for roof framing shall be 
formed of cold-rolled strip steel weighing not less than 2% 
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psf before forming, and electric- welded to the sizes, shapes, and 
types shown. Trussed steel rafters shall be anchored where 
they bear on steel stud walls by means of bolting or welding ; 
they shall also be braced or strutted laterally between rafters. 

(c) Steel stud wall framing shall consist of cold-formed and fac- 
tory-finished, copper-bearing strip steel weighing not less than 
2% psf before forming, and electric-welded to produce light- 
weight structural shapes of the nailable type. In general, the 
framing shall include channel shapes at the bottom and top of 
all walls, full studs 3%-inches depth and spaced not to exceed 
16-inch centers; one-half stud; sill members and headers or 
lintels for exterior openings; anchors, screws, bolts, clips, 
fasteners, joist hangers, bridging and bracing; and all other 
fittings and accessories necessary to complete the structural 
exterior wall framing of the building. All the steel members 
shall be provided with standard punching to provide for the 
passage of pipes, conduits, and for anchors, bolts, and connec- 
tions. All connections shall be made by welding, bolting, sheet- 
metal screws, or other approved types of fastening that will 
provide rigidity and conform to the requirements of the manu- 
facturer of the steel framing. 

(d) Handling and erection. — Materials shall be unloaded, stored, 
and handled in a manner, and with appliances and care that 
will prevent distortion and damage to the members and will 
keep them clean and drained properly while being stored. After 
being erected, the various members forming parts of a com- 
pleted frame or structure, shall be aligned, adjusted, and guyed 
accurately before being fastened. Fabrication and erection 
shall be in accordance with the manufacturer's recommenda- 
tions. 

5-07. Painting. — All surface of metal work shall be cleaned and 
given a shop coat of rust-inhibitive paint of the type standard with 
the manufacturer. All metal surfaces that will be in contact with 
concrete or masonry, and all metal surfaces that will be concealed 
or will be inaccessible for painting after erection, shall be given an 
additional field coat of the same paint prior to erection. 

5-08. Metal windows. 

(a) General requirements. — Windows shall be of the casement 
type known commercially as "residence type" and shall be of 
steel or aluminum construction. All windows shall be com- 
plete with hardware w T eatherstripping, operating mechanisms, 
anchors, glazing clips, screens, and all other appurtenances nec- 
essary for their proper installation and operation. Shades and 
drapery brackets, and drilled and tapped holes for Venetian 
blinds shall be provided on all window frames. 
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(b) Casement window 8. — Hardware shall be of steel, malleable 
iron, or aluminum, and of a type that will control the ventilating 
sections independently of the insect screens. Each ventilating 
section shall be provided with cam-acting locking handles, ex- 
tension-type adjustable friction hinges to hold the sash in the 
open position at any point and permit window cleaning from 
the inside. Friction-type bar operators and adjusters at the 
sill, operating through or under the screens, may be provided in 
lieu of the friction-type hinges. Full-length nonferrous metal 
wire cloth insect screens of a type standard with the manufac- 
turer, fixed in position with spring clips for easy removal, shall 
be provided for all ventilating sections ; small wickets shall be 
provided opposite the cam locking handles. Steel windows and 
insect screen frame shall be factory-finished with a baked-on 
rust inhibitive coat of paint. Windows shall be installed in a 
proper manner, square, plumb, and in true alignment without 
wedging or twisting, so that they are weather-tight and will 
operate easily and close and lock tightly without forcing. If 
aluminum windows are used, all surfaces that will be in contact 
with concrete, masonry, or other metals shall be coated with an 
approved bituminous paint before being installed. If aluminum 
windows are used, all aluminum surfaces shall be protected in 
approved manner before the plastering is started to prevent 
damage or discoloration by plaster droppings or spatterings. 
All window frames shall be bedded in a waterproof mastic 
compound when being set and all openings shall be calked, 
using a pressure gun and a waterproof mastic calking compound. 

SECTION 6. CARPENTRY AND JOINERY 

6-01. General requirements. — All framing, rough carpentry, and 
finishing woodwork required for the proper completion of the build- 
ing shall be provided. All woodwork shall be protected from the 
weather, and the building shall be thoroughly dry before the finish 
is placed. All finish shall be dressed, smoothed, and sandpapered at 
the mill, and in addition shall be hand smoothed and sandpapered at 
the building where necessary to produce proper finish. Nailing shall 
be done, as far as practicable, In concealed places, and all nails in 
finishing work shall be set. All lumber shall be S4S ; all material for 
millwork and finish shall be kiln-dried ; all rough and framing lumber 
shall be air- or kiln-dried. Any cutting, fitting, framing, and blocking 
necessary for the accommodation of other work shall be provided. All 
nails, spikes, screws, bolts, plates, clips, and other fastenings and 
rough hardware necessary for the proper completion of the building 
shall be provided. All finishing hardware shall be installed in ac- 
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cordance with the manufacturers' directions. Calking and flashing 
shall be provided where indicated, or where necessary to provide 
weathertight construction. 

6-02. Grading. — Material shall be graded in accordance with the 
latest grading rules of the association under whose rules it is graded, 
and shall be grade- and trade-marked. Dressed sizes (after surfacing) 
shall be not less than those conforming to American Lumber Standards. 

6-03. Materials. — Materials shall be as follows : 

(a) White pine or Ponderosa pine, grade C select, or cypress 
grade C, for all trim or finish not specified otherwise on the ex- 
terior of the building; for all exterior door and window frames 
and staff beads. 

(b) White pine or Ponderosa pine, No. 1 cuttings, for all exterior 
wood doors and sash not specified otherwise. 

(c) White pine, Ponderosa pine, or cypress, grade C or C select, 
for all interior trim and finish not specified otherwise. 

(d) Yellow pine or Douglas fir shall be used except where other 
species of wood are specified. All framing and concealed lum- 
ber shall be nonstress grade, sound, and equal to grade 1 yel- 
low pine or Douglas flr. 

(e) Other species of lumber of comparable grade may be substi- 
tuted for the species specified for exterior and interior trim 
and finish and for framing lumber, if suitable and approved. 

(f ) Oak, white or red, or northern hard maple second grade for 
finish wood floors where exposed. 

6-04. Framing. — Locations, dimensions, or arrangements of fram- 
ing members not indicated shall be as necessary for their purposes. 
Spiking, nailing, and bolting shall be done in a substantial manner. 
Timbers shall.be drilled accurately for bolting; suitable washers shall 
be provided and all bolts shall be drawn up tightly. Wood framing 
shall be kept not less than 2 inches away from chimney. 

6-05. Sills, plates, and girders shall be anchored to the concrete 
or masonry construction ; where sizes of bolts are not shown they shall 
be not less than % inch in diameter, about 22 inches long, and spaced 
ot Lot over 6-foot centers. Sills and plates shall be lapped at corners 
of building and at splices, and shall be bolted through the laps, or the 
ends shall be butted and bolted not more than 6 inches from the ends. 
Girders shall be anchored to the piers and walls with bolts or U-strap 
anchors. Girders, sills, and plates shall be bedded solidly in 1 to 3 
cement mortar to form a level and continuous bearing. 

6-06. Floor joists and roof rafters shall be of uniform widths; 
they shall have full bearing on walls, sills, plates, and girders, and 
shall be spiked at laps ; laps shall be made only at bearings. Joists 
parallel with and directly under partitions shall be doubled; where 
pipes are in partitions, double joists shall be arranged to provide 
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proper clearances. Cross-bridging 1- by 3-inch size shall be provided 
for joists ; the distance between rows of bridging, and between bridg- 
ing and bearings shall not exceed 8 feet. After joists have been set 
in position properly and cross-bridged, the tops shall be level; only 
nonshrinkable shims shall be used for leveling joists. Trussed wood 
rafters shall be fabricated approximately as indicated and shall be 
set and anchored as specified for floor joists ; look-outs shall be spiked 
to the sides of trussed wood rafters to provide forming for boxed 
cornices. Joists supporting wood subfloors under concrete floor fill 
at the heater room shall be installed at the proper elevation below the 
finish floor. Steel Joist hangers shall be provided for framing around 
chimneys, openings through the floor, and at the other locations as 
necessary. Floor joists shall be anchored to the masonry walls at 
sides and ends, using the strap anchors specified under the section 
entitled "Miscellaneous steel and iron work/' Lateral wood bracing 
and ridge shall be provided between the wood raftera (The counter- 
ceiling of the joists to receive the tile floor in the bath room is specified 
under the section entitled "Tilework." ) 

6-07. Studding for walls and partitions shall have doubled plates 
and doubled stud caps. Studs shall be set plumb at not to exceed 
16-inch centers and in true alignment ; they shall be bridged with one 
row of 2- by 4-inch pieces, set flatwise, fitted tightly, and nailed se- 
curely to each stud. Studding shall be doubled around openings and 
the heads of openings shall rest on the inner studs. Openings in par- 
titions having widths of 4 feet and over shall be trussed. In wood 
frame construction, studs shall be trebled at corners to form posts. 

6-08. Sheathing and subflooring shall be 1 by 6, nominal size 
tongued-and-grooved, or square-edged boards, shall be applied diagon- 
ally, and nailed tightly with not less than two 8-penny nails at every 
bearing; end joints shall be made with a bevel cut and shall occur only 
over bearings. Wood roof sheathing shall be laid at right angle to 
the rafters. Wall and roof sheathing shall be covered with 15-pound 
saturated felt, lapped at least 4 inches at side and end joints, and 
nailed sufficiently to hold it in place before the roofing and siding are 
applied. Subflooring shall be covered with a waterproofed building 
paper before the finish wood flooring is laid. 

6-00. Extrkior wall finish shall be cement-asbestos shingles 24 by 
12 inches, and shall have a uniform thickness of not less than %2 of an 
inch. Shingles shall have even or wave line butts, and shall be light 
gray or white, with a baked-on ceramic finish. Shingles shall be 
nailed with nonferrous metal nails of the size and type recommended 
by the manufacturer, with a 10-inch exposure to the weather, and a 
1%-inch lap over the course laid previously. Vertical joints shall 
be protected with felt-backed strips not less than 3 by 12 inches. 
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Nonferrous metal flashing strips shall be applied over the heads of all 
window and door openings and mastic calking compound shall be 
applied around all window and door openings before the cement- 
asbestos shingles are applied. Nonferrous metal corner beads shall 
be applied at all external angles before shingles are applied. 

6-10. Asphalt shingle roofing shall be 12- by 36-inch strip shingles, 
weighing not less than 210 pounds per square, laid with a 5-inch 
exposure to the weather, and with a 2-inch headlap. Asphalt shingles 
shall be 3 or 4 tab, square butt, standard or thick butt shingles, and 
they shall be of the color selected. Shingles shall be nailed with 
large head zinc-coated steel roofing nails in accordance with the rec- 
ommendations of the manufacturer. Asphalt shingle roofing shall be 
applied over the bituminous saturated felt specified hereinbefore. 
Ridges shall be covered with individual shingles, or with 10-inch wide 
strips of mineral-surfaced roll roofing to match the shingles as closely 
as practicable. Flashings around chimney shall be zinc-coated sheet 
steel weighing not less than 1 pound per square foot before coating 
and forming. The head of each roofing nail shall be coated with a 
mastic roofing cement before the succeeding course of shingles is laid. 

6-11. Thermal insulation shall be provided over the entire ceiling 
of the building ; it shall consist of 2-inch thick mineral wool or fibrous 
glass in roll form and of a width to fit between the trussed rafters, 
with extended flanges for nailing in position. The insulating material 
shall be eovered on the room side with an approved vapor-barrier 
material. In spaces where it is impracticable to use roll-type insula- 
tion, poured insulation of similar material shall be provided to a thick- 
ness of not less than 4 inches. 

6-12. Wood bucks, furring strips, and grounds. — Wood bucks not 
less than 1% -inches thick shall be provided around openings in ma- 
sonry walls where necessary to provide nailing for frames and trim. 
Wood furring strips of 1- by 2-inch nominal size material and spaced 
not to exceed 16-inch centers shall be applied in a vertical position 
to all masonry walls that are to be plastered ; they shall be plumb, 
square at the corners and at the ceiling, and shall be secured to the 
masonry walls by means of heavy cut nails, or concrete nails to provide 
firm anchorage. Plaster grounds shall be 1- by 2-inch nominal size, 
and shall be provided around all openings for trim, for baseboard, 
and other finished woodwork, and elsewhere as required for the sup- 
port of fixtures, shelving, and other work. Edges of plaster grounds 
shall be placed not less than %-inch back from the outer edge of the 
trim so as to be concealed. 

6-13. Door frames in exterior walls shall be not less than 1% inches 
thick and shall be double rabbeted in the solid wood ; separate staff 
beads shall be provided for frames in masonry walls. Frames for 
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interior doors shall be not less than 2 %2-inch thick with by 1%- 
inch applied rabbet strips. Wood sills shall be not less than 1%- 
inches thick. 

6-14. Wood double-hung windows, complete with frames, sash, 
hardware, spring sash balances, weatherstripping, and of fenestra- 
tion similar to that indicated, may be provided in lieu of the steel 
casement windows; sash shall be not less than 1%-inches thick and 
the double-hung windows shall conform to the requirements of the 
National Woodwork Manufacturers Association. Full-length wood 
frame window screens 2 %2-inch thick shall be provided for all win- 
dow openings ; screen cloth shall be nonferrous metal as specified for 
the steel casement windows; all hardware and accessories shall be 
included. 

6-15. Doors. — Exterior doors shall be not less than 1%-inches thick 
and interior doors shall be not less than l%e-inches thick, conforming 
to the requirements of the National Woodwork Manufacturers Asso- 
ciation. Exterior doors shall be glazed as indicated, and shall be of 
solid wood construction. Interior doors shall be of the flush type, 
either softwood or hardwood veneered. Door between kitchen and 
living-dining room shall have a small vision panel in the upper part 
of the door. The edges and room side of the door to the heater room, 
and the exposed surfaces of the frame and trim shall be covered with 
black sheet steel weighing not less than 0.75 psf, applied over one 
thickness of He-inch thick asbestos paper. Trap door to roof space 
and trap door to crawl space shall be provided in the large closet 
between the bedroom and bath; trap doors shall be constructed of 
%-inch thick plywood, or of flooring material with wood battens on 
the underside. Small plywood closure panels shall be provided on the 
interior face of the iouvered vents in the gable ends of the roof space ; 
they shall be held in place by means of steel wire hooks and eyes, or 
by small hinges and a latch. 

6-16. Finish wood flooring shall be tongued-and-grooved, not less 
than 2%2-inch thick by 2*4 or 3^ inches wide. Hardwood flooring 
shall be provided for the living-dining space, rear hall, and for the 
bedroom; softwood flooring shall be provided for the kitchen and 
closets. (Bathroom will have a tile floor.) Sections with knotholes, 
or loose knots shall be cut out. Flooring shall be jointed neatly, 
driven up tightly, and secret nailed, using 8-penny flooring nails. All 
finish flooring shall present smooth, level, and even surfaces; hard- 
wood flooring shall be machine-sanded ready for the application of 
penetrating floor sealer. (Concrete floor slab will be exposed in the 
heater room. ) 

6-17. Exterior trim and finish. — Boxed cornices shall be provided 
on front and rear elevations, formed of 2%2-inch thick material ; fascia 
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shall have a drip at the lower edge. Bed moldings shall be provided 
under the roofing and at the junction with wall. The verge board 
running up the rake of the gables shall be 2%2-inch thick with bed 
moldings to member with those on the cornice. The soffit of the cor- 
nice shall be provided with 4 openings on each of the front and rear 
elevations ; openings shall be about 3 by 12 inches and shall have in- 
sect screens provided over the interior of the opening. Louvers in 
gable ends shall have lVfe-ineh thick frames and 2%2-lnch thick louver 
vanes set at a 45 degree angle and overlapping in a manner to exclude 
rain and snow; closure doors as specified hereinbefore and insect 
screen cloth shall be provided on the interior. 

6-18. Interior finish and trim. — Trim for doors, windows, and 
other openings, including those for metal windows, shall be of plain 
or molded pattern not less than 2%2-ineh thick, and shall be mitered 
neatly at angles. Window stools and aprons shall have neatly- 
returned ends. Door and opening trim shall terminate at the floor. 
Baseboard and shoe moldings shall be provided for all rooms and 
spaces; baseboard shall be 2 %2-inch thick, about 3%-inches high. 
Shoe molding shall be neat quarter round and where practicable shall 
be nailed to the floor and not to the base. Base and shoe moldings 
shall be coped at internal angles and mitered at external angles. 
Thresholds shall be provided at front and rear exterior doors, at the 
door to the heater room, and at any other locations where different 
floor materials adjoin; they shall be about %-inch thick, shall have 
beveled edges, and shall be fitted neatly and secured properly in place. 
Each closet shall be provided with wood shelving; not less than 2 
rows of shelving shall be provided in the room closets; linen closet 
shall have shelving from floor to ceiling, with the lower 2 shelves the 
full depth of closets and upper shelves about 11%-inches deep. Hook 
boards and clothes poles shall be provided in room closets. Surface- 
mounted, factory-finished, wood or metal medicine cabinet shall be 
provided for the bathroom; it shall be about 16 inches wide by 24 
inches high, shall have movable glass shelves with rounded edges on 
the interior, and a hinged plate glass mirror door with a friction 
catch. Wood or metal kitchen cabinet shall be provided across one 
end of the kitchen ; lower section shall be about 3 feet high, with 
drawers below the counter, and with cupboard doors of the flush type 
to the space below the drawers ; upper wall section shall be about 13 
inches in depth and 30 inches in height, and provided with shelves 
and with flush solid doors. Hinges, catches, latches, and pulls of 
the concealed type shall be provided. The counter shelf shall be cov- 
ered with ^ie-inch thick, black, or red, inlaid linoleum, cemented in 
place with a waterproof adhesive, and with chromium-plated mold- 
ings at the front and rear end along the ends of the counter. Base 
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cabinet shall be provided with a toe-space at the floor, and with a false 
bottom. At the right-hand end of the counter a full height utility 
cabinet shall be provided; the lower section shall be of a height to 
accommodate ironing board, brooms, and mops, and the upper section 
with shelf space. All drawers shall be provided with metal or hard- 
wood guides of a type that will hold them rigidly when in an extended 
position. All kitchen cabinet units shall be factory finished with a 
baked-on white enamel finish on all exposed surfaces interior and 
exterior. 

6-19. Calking compound shall be provided around all exterior open- 
ings ; it shall be applied with a pressure gun in a manner to provide 
weathertight construction. 

6-20. Weatherstrip ping of the spring bronze, nonhumming type 
shall be applied to exterior door frames ; small brass threshold strip, 
with an engaging hook strip that will be applied to the bottom edge 
of doors, shall be provided for exterior doors. 

6-21. Screen doors having wood frames not less than lVia-inches 
thick shall be provided for the exterior doors ; the insect screen cloth 
shall be nonferrous metal and as specified for the metal windows. 
Each door shall be provided with butts, screen door latch and lock set, 
and with stretch spring closers. 

6-22. Priming. — AH finish woodwork shall be given an all-over prim- 
ing coat of white lead and oil paint at the shop before delivery to the 
building. All parts that will be built in the exterior walls, or will be 
concealed, shall receive an additional coat of the same paint either 
at the shop, or in the field before installation. The pulley stiles of 
double-hung windows shall be given two coats of boiled linseed oil in 
lieu of the priming coat of paint. 

SECTION 7. LATHING AND PLASTERING 

(a) Lathing. — All interior walls, partitions, and ceilings shall be 
lathed with %-inch thick gypsum lath (except when supports or bear- 
ings are more than 16-inch centers when %-inch thick gypsum lath 
shall be used), 8 inches in length and 16 or 24 inches in width ; gypsum 
lath may be either the plain type, or the perforated type. Gypsum 
lath shall be applied with its face side out, and with the long dimension 
at right angles to the framing members; end joints shall be staggered. 
Gypsum lath shall be nailed with 1 %-inch long nails of a type approved 
by the manufacturer and at approximately 5-inch spacings ; nails shall 
not be closer than % inch from edges or ends, and there shall be not 
less than 4 nails per support for 16-inch wide lath and 5 nails per 
support for 24-inch wide lath. Gypsum lath shall be applied with ap- 
proximately %-inch open joints between the ends and sides of the ad- 
joining lath. Strips of painted expanded metal lath shall be applied 
over the gypsum lath at all vertical and horizontal corners and angles, 



269 



and over any chases or openings in the gypsum lath. Upon comple- 
tion all lathed surfaces shall be plumb, level, and in true alignment, 
with square corners and angles. Zinc-coated metal corner beads with 
expanded wings shall be applied to all vertical external angles. 

(b) Plastering shall be applied in scratch and brown coats, ap- 
plied by the laid-on or doubled-up method, and using gypsum hardwall 
plaster, with a hydrated lime white coat finish. Plaster shall be 
mixed and applied in strict accordance with the manufacturer's in- 
structions, shall be shoved up hard, and shall be filled out to plaster 
grounds. White coat finish shall be not less than Vic-inch thick, shall 
be troweled hard and smooth, and shall be free from waves, irregular- 
ities, cat faces, checks, cracks, or blemishes of any sort. Plastering 
shall not be done in freezing temperatures, nor when freezing can be 
anticipated, unless the house is closed in and temporary heating is 
provided by the contractor. Care shall be taken to prevent the plaster- 
ing from drying out too rapidly. Ventilation shall be provided to pre- 
vent sweating. At the option of the contractor, the interiors of all 
closets may be finished by the "dry-wall" method in lieu of plastering, 
using %-inch thick gypsum wall board with taped joints and angles, 
applied in accordance with the manufacturer's instructions. 

(c) Heater room plastering. — Walls, partitions, and ceilings shall 
be lathed with expanded metal lath weighing not less than 3.4 pounds 
per square yard. Plastering shall be Portland cement mortar, mixed 
in the proportions of 1 part cement to 3 parts sand, and adding not 
more than 10 pounds of hydrated lime added in the dry form to the 
mix. Cement mortar plaster shall be applied in not less than 3 coats 
to an overall thickness of not less than % of an inch and shall have 
a wood float finish. 

SECTION 8. TILE WORK 

8-01. Bathroom floor shall be counterceiled to a depth of 4 inches 
below the finished floor level ; 1 by 3 cleats shall be nailed to the sides 
of the joists and 1-inch nominal thickness boards cut between the 
joints, nailed securely, and covered with saturated roofing felt. The 
tops of the floor joists shall be cut to about a 45 degree bevel. On top 
of the false flooring, a 2% -inch thick concrete fill shall be provided 
and brought to a level to receive the cement-mortar tile-setting bed. 
Floor tile shall be vitreous ceramic mosaic of size, pattern, and color 
to be selected, set in a cement-mortar bed, and grouted upon com- 
pletion with white Portland cement. Tile base with a cove at floor 
and a rounded top shall be provided. The walls at the back and ends 
of the tub shall be tiled to a height of 7 feet above the finished floor 
line, using 4% -inch square matte-glazed tile, with rounded edges. 
Wall tile shall be floated on a cement-mortar plaster applied to an 
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expanded metal lath base. Joints shall be grouted with white port- 
land cement mortar. The bottom course of tile at the bath tub rim 
shall be set in an approved water-proof plastic compound. All tile- 
work shall be cleaned thoroughly upon completion. 

8- 02. Bathroom accessories. — One combination tile built-in safety 
bar and soap dish shall be provided in the tile wall above the bath 
tub. A soap dish with a removable tray and combination toothbrush 
and tumbler holder shall be provided over the lavatory ; a roll toilet 
paper holder shall be provided near the water closet; two 24-inch 
towel bars shall be provided, one on the back of the bathroom door 
and one on the wall behind the door ; one robe hook shall be provided 
on the interior side of the bathroom door. All of the accessories, with 
the exception of the built-in tile fixture over the bath tub, shall be of 
wrought brass, chromium-plated, and shall be of the surface mounted 
type, with concealed fastenings. 

SECTION 9. ASPHALT TILE FLOORING 

9- 01. Asphalt tile flooring shall be provided in the kitchen, and for 
all floor surfaces (except bathroom and heater room) where concrete 
floor fill over steel bar joists is used. Asphalt tile shall be %e-inches 
thick, 9- by 9-inch size, with 6-inch wide black borders ; the field tile 
shall be a medium-light marbelized or mottled color as selected. When 
asphalt tile flooring is to be laid over wood subfloor, one ply of sat- 
urated felt shall first be applied, cemented with an approved adhesive. 
Asphalt tile shall be laid in an approved mastic compound, of a type 
recommended by the manufacturer. The completed floor shall be 
cleaned thoroughly, waxed, buffed, and protected with a suitable cov- 
ering until ready for occupancy. Plastic tile Mi -inch thick may be 
substituted for the %o-inch thick asphalt tile specified. 

SECTION 10. GLAZING 

10- 01. All doors that are to be glazed and all windows shall be 
glazed with double strength "B" quality sheet glass. All glass shall 
be bedded, back and face puttied, using best grade pure linseed oil 
and whiting putty. All muntins shall be painted before glass and 
putty are applied. Glass in doors shall be bedded in putty, and shall 
be held in place by means of wood glazing beads. Upon completion, 
all glass shall be washed clean, and any cracked or broken glass re- 
placed with new lights of glass. 

SECTION 11. FINISHING HARDWARE 

11- 01. Finishing hardware shall be provided for all exterior and 
interior doors. (Hardware for metal windows, wood double-hung 
windows, insect screens, and screen doors, and for kitchen cabinets 
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is specified under other sections.) All butts and hinges shall be of 
wrought steel with a prime finish for painting; 1% pairs of butts shall 
be provided for exterior doors, and one pair of butts for all interior 
doors. All other finishing hardware shall be of wrought steel with a 
plated finish to match approved samples; chroniium-plated finish 
shall be provided for kitchen and bathroom. Exterior doors shall each 
be provided with a five pin tumbler mortised cylinder lock set, with 
dead bolt in addition to the latch bolt, complete with knobs and roses. 
Each interior door shall be provided with a mortised latch set, com- 
plete with knobs and escutcheons. Doors to bedroom and to bathroom 
shall each have a mortised lock set having a dead bolt that is operated 
from inside the room by means of a thumb turn, and with provision 
for emergency key operation from the outside. Tubular latch and 
lock sets of comparable quality may be substituted for the hardware 
specified for the interior doors. Each room closet shall be provided 
with eight cast or wrought coat and hat hooks. Door stops shall be 
provided* for all locations where doors will contact the finished wall 
surfaces. A mail slot, with spring-hinge actuated leaf to close the 
opening, shall be provided in the front door. Door closer of the 
proper size shall be provided for the door to the heater room. 

SECTION 12. PLUMBING 

12-01. General requirements. — The work consists of a complete 
plumbing system including the sanitary soil, waste, and vent piping; 
cold and hot water supply piping, water meter (if required), plumb- 
ing fixtures, hot w r ater heater - , and other necessary appurtenances. 
The system shall be inspected, tested, and approved by local gov- 
erning plumbing codes before burying, concealing, or covering the 
various piping systems. Each system shall be complete and ready 
for operation except as specified or indicated otherwise. 

12-02. Sanitary sewer, below ground level, shall be of extra 
heavy cast iron soil piping and fittings of the bell and spigot type 
extending not less than 5 feet beyond the foundation wall and graded 
not less than y H inch per foot. The joint shall be made from a good 
grade twisted oakum uniformly and well tamped into the joint and 
with a 1 inch depth of hot poured lead, made in one pouring, and 
calked tight. All horizontal soil connections to the system shall be 
accomplished by Y-flttings or combination Y and % -bends and all 
changes in direction greater than Mrbends shall be of the long sweep 
pattern. Lines shall be well supported to eliminate sagging. 
Backfilling shall be w r ell tamped in 6-inch layers. 

12-03. Sanitary sewer, above ground, shall be as specified for be- 
low ground except wastelines and vent piping above ground shall 
be of zinc coated, standard-weight, screwed-end steel pipe and cast 
iron recessed long radius screwed drainage fittings, graded not less 
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than % inch per foot. The sanitary sewer vent shall extend full size 
through the roof for a distance of not less than 12 inches where it 
shall be flashed with suitable corrosion-resistant metal before the roof- 
ing is installed. A 4-inch cleanout shall be provided just above ground 
elevation at the base of the vent stack. All male screw ends shall 
be coated w r ith a good grade pipe joint compound before entering into 
fittings. The bathtub trap shall be provided with a %-inch brass 
screw drain plug ; all lines shall be properly supported from the floor 
joints with suitable hangers. Closet-bowl floor connection shall have 
a cast-iron closet-bowl floor flange with provisions for anchoring the 
brass closet-bowl bolts and an approved-type horn gasket. The fin- 
ished joint shall be absolutely leak-proof and the bowl shall sit 
squarely on the finished floor. 

12-04. Water piping buried in the ground shall be jointless type- 
It soft copper tubing. No "kinking" of the tube will be allowed. 

12-05. Water piping above ground shall be type "L" hard copper 
tubing with solder type fitting^, except vertical lines may be of type 
"L" soft copper tubing. All tubing lines shall be properly anchored 
to the floor joists to eliminate "pipe hammering" and pitched to the 
main shut-off valve for draining when necessary. A hose bibb shall 
be provided at the rear of the building with a stop and waste located 
inside the foundation wall for winter cut-off and waste and arranged 
for complete drainage of the line from the hose bibb. Slip joint con- 
nections will not be permitted below finished floor. 

12-06. Fixtures shall be of a reliable manufacturer and shall be 
as follows : 

(a) Kitchen sinks shall have a left-hand drainboard and be of 
cast iron with a smooth, white, acid-resisting porcelain enamel 
finish, 54 inches long by 25 inches wide by 36 inches from floor 
to top of rim. The trim shall be chromium plated including 
combination mixing faucets with soapdish, large basket type 
strainer with 1^-inch tail piece, and a l^-inch wall type P- 
trap. Hot and cold water supply lines in the sink cabinet shall 
be provided with copper tubing stops. The cabinet shall be of 
a heavy gage steel with a baked-on white enamel finish and 
have at least two sliding drawers. 

(b) Laundry tray shall be double compartment cement type, 48 
inches long by 20 inches wide by 32 inches high from floor to 
rim and he of a smooth cement mixture to withstand sudden 
temperature changes without cracking or leaking. Tubs shall 
have a metal guard around their rims. The laundry tray shall 
be complete with stand, combination mixing faucets with tray 
mounting brackets, 1%-inch tail-pieces, and 1 Ms-inch wall type 
P-trap. A copper tubing stop shall be provided in each supply 
line. 
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(c) Water closet shall be of white vitreous china, close-coupled 
tank and bowl, complete with white seat and seat cover, and 
have a chromium %-inch screwed brass floor supply pipe with 
a chromium I. P. stop. 

(d) Lavatory shall be cast iron with a white porcelain enameled 
finish. The trim shall be chromium-plated and shall include 
combination mixing faucets with a lVHnch tail piece, pop-up 
waste, 1%-inch wall trap, and %-inch screwed brass floor 
supplied with I. P. stops. 

(e) Tub shall be built-in type, cast iron, with a white porcelain 
enameled finish. The trim shall be chromium-plated and in- 
clude a built-in wall type faucet complete with shower attach- 
ments, curtain rod and pins, and a lVfc-inch trip-lever waste. 
Copper tubing stops shall be provided on each supply inside 
the wall access door. 

12-07. Water heater shall be of the electrical storage type with a 
capacity of not less than 52 gallons. It shall be of an approved manu- 
facturer with the underwriter's label attached. It shall be provided 
with two thermostatically operated heating elements: a 1500-watt 
element located near the top and a 1000-watt element located near 
the bottom of the tank. A %-inch bronze drain valve shall be pro- 
vided at the extreme bottom of the tank with a %-inch hose connec- 
tion. A Vi-inch brass pressure relief valve with discharge extend to 
floor drain shall be furnished. A check valve of all bronze construc- 
tion and a copper tubing stop shall be installed in the cold water sup- 
ply. Electrical work shall conform to the local governing electrical 
codes. 

12-08. A main shut-off valve shall be installed as indicated or speci- 
fied. The 1-inch main shut-off valve shall be accessible, of the stop 
and waste pattern with soldering type ends, and the waste arranged 
for complete drainage of the entire water supply system. 

12-09. Workmanship shall be performed in a first class manner 
observing all standards of good installation practices. 

12-10. Tests shall be conducted on all plumbing systems to provide 
tightness of all piping joints. If leaks occur, they shall be repaired 
immediately and the tests repeated. The soil, waste, and vent sys- 
tems shall be completely filled with water to the highest point before 
checking for leaks. The hot and cold water piping shall be tested with 
water at one and a half times the working pressure. After all tests 
have been proven satisfactory, all necessary adjustments on the 
faucets, traps, valves, and other specialties shall be checked in order 
that the entire systems can be placed in normal operation. 

12-11. Insulation. — All piping and fittings subjected to freezing 
temperatures shall be adequately insulated with a suitable frost- 
proof covering, well secured in place. 
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SECTION 13. HEATING 

13-01. General requirements. — The work shall consist of fur- 
nishing and installing all heating material, equipment, and other 
necessary appurtenances to assemble a complete low-pressure forced- 
circulated hot water heating system as indicated. The system shall 
be tested, inspected, and adjusted to provide satisfactory trouble- 
free heating under the most severe local winter conditions that might 
be encountered. 

13-02. Design. — The designed outside temperature is zero degrees 
P. and the heating system shall maintain, under all designed condi- 
tions, an inside temperature of not less than 75 degrees F. For de- 
signed conditions other than the above 1 , the following adjustment 
factors shall apply to increase or decrease boiler, radiation, and pipe 
sizing as local climatic conditions require : 
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Boiler operating controls shall be set at 210 degrees F. 

13-03. Boiler. — The heating unit shall be installed as directed and 
shall be an oil-flred welded steel or cast-iron sectional boiler of the 
package-unit type. It shall be furnished complete with all necessary 
electrical operating controls for winter operation, combustion cham- 
ber, insulation, jacket, temperature, pressure and altitude gage, and 
other necessary appurtenances. The boiler shall have the A. S. M. E. 
label and the oil burner and controls shall have the underwriter's 
label. The boiler-burner unit and accessories shall be of an approved 
type and of a reliable manufacturer. Boiler shall have provisions 
for a built-in type domestic direct or indirect water heater. 

13-04. Radiation— The radiators shall be the modern, slenderized, 
cast-iron tubular type and shall be installed as directed and shall 
have one primer coat. All radiators shall have an angle type, ^-inch 
hot water, full-opening, bronze valve on the supply line and a %-inch, 
bronze, union elbow on the return line with an adjustable flow de- 
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vice. Key-type nickel-plated brass air valves shall be provided on all 
return sections. Bach radiator shall pitch slightly upward to its air 
valve. 

13-05. Pipe and fittings. — All heating piping shall be of black 
standard steel pipe and all fittings of standard 125-pound cast iron, 
unless otherwise specified. All pipe threads shall be fully cut clean 
threads and the pipe end reamed to full size. A good pipe- Joint com- 
pound shall be used on all pipe threads before entering into fittings. 
Joints shall be pulled up tight but not strained by using extra leverage 
on pipe wrenches. All pipe cuts and fittings shall be free of threading 
chips, reaming chips, dirt, scale, and other foreign matter before as- 
sembling. The assembled pipe and fittings shall be given one coat 
of asphalt base paint before the insulating covering is installed. The 
piping shall be properly anchored to the floor joists by suitable hang- 
ers and shall be graded upward from boiler to radiators so as to ex- 
tract all the air from the piping when filled with water; the pipe 
grading shall also allow for complete drainage when the system might 
be placed out of operation during freezing weather. Where piping 
passes through floors, walls, or partitions, the pipe shall be centered 
and have proper clearance around it to prevent a creeping noise when 
the piping expands and contracts. All branches shall be taken from 
the top of the main line and provided with proper fitting arrangement 
for expansion and contractions. 

13-06. Insulation. — All supply, return, radiator feed and return 
lines shall be properly insulated with 3-ply asbestos air cell covering 
of an approved or reliable manufacturer, except radiator connections 
above the finished floor, which shall be painted with the same paint 
as the finish coat on the radiators. The insulation shall be of the 
same size as the pipe it is to insulate and shall be secured in place 
by staples and metal bands placed every 12 inches. All fittings shall 
be covered with a loose asbestos mixer to a uniform thickness flush 
with the pipe covering, and shall be applied in not less than two appli- 
cations. This mixture shall be of such consistency that the pasty 
mixture shall adhere permanently to the fitting. 

13-07. Floor plates. — Where a pipe passes through a floor, a wall, 
or a partition, it shall be fitted with the same size chromium or nickel 
plated split type plate and secured tightly around the pipe. 

13-08. Heating specialties. — Specialties shall be of an approved 
and reliable manufacturer, good design, and suitable for disas- 
sembling and repairing without disconnecting from the piping system. 
Specialties shall be painted and be as follows : 

(a) Pumps. — The pump shall operate quietly at operating condi- 
tions, be capable of supplying the required gpm of water for 
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the various heating loads and produce the proper pressure head. 
It shall be installed in the return line at an accessible place 
near the rear bottom connection to the boiler and produce flow 
as indicated with union connections at each end. The motor 
shall be suitable for 110-volt 60-cyele current and have the un- 
derwriter's label attached. The pump body shall be of cast 
iron and the impeller of bronze. 

(b) Flow contkol valve. — The flow control valve shall be of the 
correct size, angle type, cast iron body, with bronze working 
parts, provided with %-inch compression tank connections, 
and equipped for manual opening and closing of the valve. It 
shall be installed in the supply main near the top connection 
of the boiler. 

(c) Compression tank. — The tank shall be properly sized to suit 
the job requirements and shall be secured to the boiler room 
ceiling. It shall be provided with a %-inch drain and have a 
%-inch hose connection. Expansion piping from flow valve to 
tank shall be valveless. 

(d) Automatic feed and expansion valve. — The valve shall be a 
combination unit with %-inch iron pipe connections. The ex- 
pansion connection shall extend to the floor where it shall drip 
into a 10-quart bucket. The feed valve shall be set to maintain 
a pressure of 5 psig when the system is cold; the expansion 
valve shall relieve pressure at 30 psig. The valve unit shall be 
installed at the same elevation as the boiler pressure and tem- 
perature gage. 

(e) Return venturi fittings. — Each radiator return line shall en- 
ter the heating main w ? ith the proper and approved type venturi 
tee of cast iron with iron pipe threads. 

13-09. Balancing cocks. — The cocks shall be of all bronze or brass 
construction and shall be properly adjusted after system is placed in 
operation to distribute the correct amount of hot water to each of 
the divided mains. 

13-10. Electrical work. — All electrical wiring of heating controls 
shall conform to governing local electrical codes. 

13-11. Flue piping. — Flue piping shall be of the same size as the 
boiler outlet and shall be of 26 gage, or less, galvanized sheet steel 
properly supported in place. Boiler shall be placed so that not more 
than two adjustable type elbows shall be used. A barometric bal- 
anced type draft regulator shall be installed near the chimney and 
the oil-burner safety stack control shall be installed near the boiler 
outlet or as manufacturer's recommendations indicate. All joints shall 
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fit snug and be sheet metal screwed or bolted In place. Chimney 
opening around pipe shall be sealed with asbestos cement. 

13-12. Oil tank. — The oil tank shall be coated with an asphalt 
base paint before being buried at the rear of the building and be 
suitably located for convenient connections to the oil burner. It 
shall be underwriters approved, 12-gage steel, and properly buried 
and anchored in the ground. The fill line shall be 2 inch and ex- 
tended underground to a point where the oil supplier can reach it 
with his fill hose and be provided with a fill-type key cap. Con- 
venient means shall be provided for checking the oil level in the tank 
with an accurately graduated dip-stick. The vent line shall be IV* 
inch and extended underground to the rear of the building and pro- 
jected upward against the rear side to a point above the window tops 
where a screen-type vent fitting shall be installed and secured. This 
fitting shall not be closer than 3 feet to any window. Fill and vent 
lines shall be taken from the tank top and shall have clean-cut full- 
length threads with the pipe ends reamed to full size. The lines shall 
pitch slightly to the tank. The pipe shall be of standard galvanized 
steel pipe with standard galvanized malleable iron fittings. Swing 
joints shall be provided at the tank. All threaded pipe ends shall be 
coated with a good grade oil-resisting compound before starting into 
the fittings. Unused tank connections shall be tightly plugged. The 
supply and return piping to the burner pump shall be %-inch type 
"K M jointless, unkinked, soft copper tubing with flare type fittings 
at the ends. The holes where the oil lines enter the foundation wall 
shall be sealed water tight. All piping shall be well supported and 
strapped in place where necessary. 

13-13. Oil line and tank tests. — The oil tank shall be closely 
checked for shipment damage before burying in the ground. All 
piping shall be left uncovered until the system has been in continual 
service for at least 4 consecutive hours during which time a close 
inspection of all piping and joints shall be made for leaks. The 
fill line shall be checked for leaks whHe the tank is being filled ; the 
connections at the tank and burner pump shall be observed closely 
while the burner is running. A ball check valve shall be provided in 
the suction line at the burner pump. The suction line at the tank shall 
have an extended suction line to within 4 inches of the tank bottom 
and cut at a 45 degree angle. If leaks occur, they shall be promptly 
repaired and the test repeated until proven satisfactory at which time 
back-filling may begin and be well tamped in place. All well piping 
shall be covered with at least 18 inches of backfill. 

13-14. Heating system tests. — The entire piping system and boiler 
shall be given a hydrostatic pressure test before painting and insu- 
lating the piping with the city service pressure available and shall 
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be not less than 50 psig. The test shall be maintained for a period 
of 4 consecutive hours during which time all joints shall be checked 
for leaks. If leaks occur, they shall be immediately repaired and the 
test repeated until proven satisfactory. The calking of lead strips 
into the threaded joints to seal leaks will not be allowed nor will 
any other nonpractical method be permitted. When system is proven 
free of leaks, burner shall be started and all controls checked for 
normal operation. A flue gas test shall be run after the burner and 
system have been working under operating conditions for 2 hours. 
The overall burner-boiler efficiency shall be not less than 80 percent. 
Draft, stack temperature, and COi shall be determined with the use 
of instruments and set according to the recommended practices. 

SECTION 14. ELECTRICAL WORK 

14-01. General requirements. — The work includes the furnishing 
and installing of all wires, cables, conduit, and conduit fittings, wir- 
ing, wiring devices, panel boards, circuit breaker, switches, junction 
and outlet boxes, lighting fixtures, lamps, receptacles, cabinets, all 
grounding, and all other equipment and accessories indicated, speci- 
fied, or necessary for a complete installation. 

14-02. Material and workmanship, unless indicated or specified 
otherwise, shall conform to specification No. 9Yf and to the standards, 
codes, regulations, and specifications listed therein. Wiring shall be 
with type AC armored cable except that %-inch conduit shall be pro- 
vided between the telephone outlet and telephone cabinet and for the 
service connections. Wire in the ground floor or underground shall 
be type ACL lead covered and armored cable. 

14- 03. Lighting fixture No. 41 shall be made of nonferrous metal 
or of ferrous metal with a corrosion-resistant plating; the exterior 
finish shall be statuary bronze or black as directed. The fixture shall 
be weatherproof and open at the bottom for relamping. The globe 
shall be the inside-frosted or diffusing glass type. 

SECTION 15. FIELD PAINTING 

15- 01. General requirements. — Paint shall be applied to dry and 
thoroughly clean surfaces only, and shall be worked into all joints, 
crevices, and open spaces. Colors and shades of colors shall match 
approved samples. Finished surfaces shall be smooth and even, and 
free from defects. Puttying shall be done with a knife after the 
priming coats have been applied. Metal surfaces shall be free from 
rust, dirt, loose and disintegrated paint, grease, and scale, before the 
field coats are applied. Where shop coats have been damaged, the 
exposed surfaces shall be touched up with lead and oil paint ; except 
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that surfaces shop primed with bituminous paint, where abraded or 
damaged, shall be touched up with bituminous paint. Zinc-coated 
surfaces that are to be painted shall be primed with a coat of zinc- 
dust, zinc-oxide paint. Samples of all finishes shall be submitted for 
approval. The number of coats of paint specified shall be the highest 
quality of the respective kind, shall be the product of an established 
manufacturer, shall be suitable for the intended purpose, and shall 
be mixed and applied in strict accordance with the manufacturer's 
instructions. All paints and finishes shall be delivered in the original 
unbroken packages bearing the manufacturer's name and brand desig- 
nation. (The finishing of medicine cabinet and kitchen cabinets is 
specified under other sections.) 

15-02. Exterior painting. — All exposed exterior wood and metal 
surfaces shall be cleaned and smoothed carefully, and shall be painted 
not less than two coats of lead-zinc-titanium, and oil paint. 

15-03. Interior painting. — All metal surfaces including bare and 
insulated piping that will be exposed in the crawl space shall be 
painted one coat of black asphaltum varnish. (Steel bar joists, if 
used, will not require field painting, except where rusted, or where 
shop coat is damaged.) All exposed interior wood and metal sur- 
faces (except factory-finished and wearing surfaces) shall be painted 
one coat of enamel undercoater and one coat of enamel, with an egg- 
shell gloss. Enameled surfaces in kitchen and bathroom shall have 
full gloss. Radiators and any exposed heated piping shall be finished 
with two coats of heat-resistant enamel. Interiors of closets shall be 
finished with two coats of interior oil paint. All interior plastered 
surfaces shall be given one coat of an approved primersealer paint; 
all plastered surfaces in the bathroom and kitchen shall be given one 
coat of enamel undercoater, and one coat of full-gloss enamel; ail 
other plastered surfaces (except the cement-mortar plaster in heater 
room) shall be finished with two coats of rubber base wall paint. If 
required, interior wood doors shall have a stained and varnished 
finish, in lieu of the enameled finish specified ; stain shall be a spirit 
stain applied in one coat, blended, sanded smooth, given one coat of 
clear shellac, sanded, and finished with one coat of a dull-finish, non- 
rubbing varnish. Filler shall be provided for open pore woods. 

15-04. Wood floor finish. — Wood flooring shall be cleaned thor- 
oughly and shall be finished with not less than two coats of a syn- 
thetic resin penetrating floor sealer, natural color. Additional sealer 
shall be applied to any areas that appear to be insufficiently coated. 
After the sealer has dried thoroughly it shall be buffed with a motor- 
driven floor machine to a dull sheen. Floors shall be protected ade- 
quately until building is ready for occupancy. 
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TAKEOFF AND BILL OF MATERIAL 



The first step in preparing a bill of material is the take- 
ofp. This means that a listing of the various materials need- 
ed for the job is made directly from the detailed plans and 
specifications. The materials on this list are then grouped 
as items, the total of each item found, and these totals re- 
duced to customary units and number of units to be used on 
the job. Finally, the items and the totals are entered in the 
bill of material, each with its correct stock number as given 
in the Catalog of Navy Material, or with appropriate stock 
and catalog numbers if the material is listed elsewhere. 

The unit term, such as pound, ton, lineal foot, in which 
the quantity of the item is expressed is very important. Dif- 
ferent materials are sold in different units, which are gen- 
erally accepted in the trade, and when an item is listed in 
terms of the wrong unit, too much or too little of the particu- 
lar item may be delivered at the job. 

In takeoffs and material estimates, some common causes 
of error are : 

1. Inaccurate arithmetic. 

2. Inaccurate copying. 

3. Omissions. 

4. Failure to allow for wastage or spare parts. 

5. Failure to check all computations and results. 

Careful estimaters check themselves against items of the 
specifications to make sure that they have covered every- 
thing. If possible, the material list, like the drawings, 
should always be checked by someone other than the one 
who makes it. 

Steel Construction 

In takeoffs of structural steel, each kind of member in 
terms of structural-shape, size, length in lineal feet, and 
weight in pound or tons should be listed separately. Weights 
of any rolled steel shape or of a given quantity of rivets or 
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bolts in a certain size may be obtained from any good steel 
construction handbook. Even where a structure is welded, 
a certain number of bolts, which will be placed in the frame- 
work and later removed, are often required. Steel for float- 
ing structures is listed in terms of long tons (1. t.), consist- 
ing of 2200 pounds; whereas steel for buildings is listed in 
terms of the standard ton of 2000 pounds. 

It is easy to overlook such items as bearing plates, various 
field connections, gusset plates, field bolts, ties, beam sep- 
arators, anchors, turntables, etc. Some minor parts or de- 
tails may not even be shown on the plans or mentioned in 
the specifications. For this reason, the man who makes 
structural-steel takeoffs must have a good working knowl- 
edge of structural-steel construction. 

Wood Construction 

The materials for wood construction are various kinds of 
lumber and necessary nails and hardware. The takeoff may 
be grouped into such divisions as framing timber, planing, 
finish materials, nails, hardware, etc. 

Lumber is listed by board feet measure. One board foot 
is the equivalent of a board 1 foot long by 1 foot wide by 1 
inch thick. The number of board feet in any piece of lumber 
is equal to the length in feet multiplied by the width in feet 
multiplied by the thickness in inches with this product 
divided by 12, or 

L' x W x t" 

foot board measure (fbm) = . 

12 

Standard lengths are in multiples of 2 feet and generally 
range from 10 to 20 feet. Standard widths are in multiples 
of 1 inch. 

Trimming material, such as molding, is usually measured 
by the lineal foot (1. f.). Flooring, plywood, and shingles 
are sometimes measured by the square foot. Some articles 
are also measured by the piece. 

Dressed lumber will be from y± inch to y 2 inch less than 
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the nominal size in width and thickness. In estimating, al- 
lowance must be made for such things as sawing, planing, 
cutting, matching, and lapping. Allow 5 to 10 percent for 
waste in end cutting. 

Nails are usually estimated in pounds at so many pounds 
to 1,000 feet board measure or at so many pounds to a square 
of 100 square feet, with consideration for the size of lumber 
and the kind of construction. The following table, based 
on a table in The Building Estimators Reference Book by 
Frank R. Walker, gives the number of wire nails in pounds 
per 1,000 feet board measure, per 1,000 shingles and lath, or 
per 100 square feet of asphalt slate surfaced shingle. The 
unit of measure in the table is 1,000 board feet unless indi- 
cated otherwise. The necessary number of nails are added to 
cover loss of material on account of lap or matching of ship- 
lap, flooring, ceiling, and siding of various widths. The 
table gives the sizes generally used, with a nailing space of 16 
inches on center and 1 or 2 nails to a board for each nailing 
space. 



Description of material 



Wood Shingles 

Individual Asphalt 

Shingles. 
Three in One Asphalt 

Shingles. 

Wood Lath 

Wood Lath. 

Bevel or Lap Siding; 

W x 4". 
Bevel or Lap Siding 

Yi" x 6". 
Byrkit Lath, l"x6". 
Drop Siding, l"x6". 
H" Hardwood Floor- 

ing. 

l%" Hardwood Floor- 
ing. 



Unit of 
measure 
(/««<) 


Site and kind of 
nail 


Number of 
nails re- 
quired 


Pounds of 
nails re- 
quired 


1,000 


3d Common.. 


2, 560 


4 


100 sq. ft. 


%" Roofing... 


848 


4 


100 sq. ft. 


%" Roofing.. . 


320 


1 


1,000 


3d Fine 


4, 000 


6 


1,000 


2d Fine 


4, 000 


4 


1,000 


6d Coated 


2, 250 


*15 


1,000 


6d Coated 


1, 500 


*10 


1,000 


6d Common. . 


2, 400 


15 


1,000 


8d Common . . 


3,000 


25 


1,000 


4d Finish 


9,300 


16 


1,000 


8d Casing 


9, 300 


64 
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Description of material 


Unit of 
measure 
(feet) 


Size and kind of 
nail 


Number of 
nails re- 
quired 


Pounds of 
nails re- 
quired 


Softwood Flooring, 


1,000 


8d Casinff 


3, 350 


23 


1" x 3". 










Softwood Flooring, 


1,000 


8d Casing 


2, 500 


17 


1" x 4". 










Softwood Flooring, 


1,000 


8d Casing 


2, 600 


18 


1" x 6". 










Ceiling, %" x 4" 


1,000 


6d Casing 


2, 250 


10 


Sheathing Boards, 1" 
x 4". 


1,000 


8d Common. _ 


4, 500 


40 


Sheathinc Boards 1" 
x 6". 


1,000 


8d Common 


3, 000 


25 


Sheathing Boards, 1" 
x 8". 


1,000 


8d Common 


2, 250 


20 


Sheathing Boards, 1" 


1,000 


8d Common 


1, 800 


15 


x 10". 










Sheath intr Boards 1" 


1,000 


8d Common 


1, 500 




x 12". 










Studding, 2" x 4" 


1,000 


16d Common 


500 


10 


Joist 2" x 6" 


1,000 


16d Common 


332 


7 
• 


Joist 2" x 8" 


1,000 


1 fid Common 


252 


5 


Joist 2" x 10" 


1,000 


1 fid Common 


200 


4 


Joist 2" x 12" 


1 000 


1 AH tlrim m nn 


168 




Interior Trim *A" 


1,000 


6d Finish 


2, 250 


7 


thick. 










Interior Trim, Ji" 


1,000 


8d Finish 


3, 000 


14 


thick. 










Trim where nailed 


1,000 


4d Finish 


2, 250 


3 


to jamb. 










1" x 2" Furring or 


1,000 


6d Common _ . 


2, 400 


15 


Bridging. 










1" x 1" Frounds 


1,000 


6d Common _ _ 


4, 800 


30 



•Note. — Cement-coated nails sold as two-thirds of a pound are equal to 1 
pound of common nails. 



Concrete Construction 

The materials for concrete construction include cement, 
sand, gravel or crushed stone, reinforcing steel, finishing 
materials, materials for forms, and materials for protection 
against freezing. On some jobs, it is possible to reuse form 
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lumber. If readymade wood or metal forms are used, they 
will usually be classed as construction equipment which can 
be used over many times and therefore will not go into the 
list of material for any particular job. 

In making the takeoff for concrete work, a good method 
is to list separately each grade or mix of concrete used. Af- 
ter the takeoff is completed and the total yardage of each 
grade of concrete is found, the quantities of cement and 
other ingredients can be computed. 

Concrete is measured as fixed or placed in the structure 
in cubic yards (or cubic feet). Moldings, curbs, gutters, 
lintels, and such work are often measured by lineal foot with 
the other dimensions given so that the number of cubic yards 
or cubic feet may be found. Concrete finishing is measured 
by the square foot or square yard. 

The proportions of a concrete mix are usually expressed 
as three numbers, thus, 1:2:4, with the proportion of cement 
first, the proportion of sand second, and the proportion of 
gravel or crushed stone third. From these proportions, it 
is possible to find the quantities of the materials per cubic 
yard of finished concrete either by referring to tables in 
handbooks or by the use of formulas. 

The table on page 288, from The Building Estimator's Ref- 
erence Book by Frank R. Walker, gives suggested trial mixes 
and weight of surface dry aggregates required per sack of 
cement and per cubic yard of concrete. A sack of cement 
weighs 94 pounds and has a volume of 1 cubic foot. 

Note that the table gives the proportions of the mix with 
surface-dry aggregates. When the aggregates are damp, 
their weight, as well as their bulk, is increased, and the pro- 
portions are different. Tables are also available giving the 
proportions of concrete mixes in terms of volume. 

The amount of water in a concrete mix determines the 
strength of the cement. Concrete hardens because of a 
chemical reaction between the cement and the water. The 
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aggregates are merely fills. The concrete with 5 gallons of 
water to a sack of cement is much stronger than that with 8 
gallons to a sack. The proportion of w r ater will not appear 
in the bill of materials, but it will appear in the specifica- 
tions. 

For example, in the specifications for a one-bedroom house 
which are included in this chapter, the statement is made 
under General Requirements, Section 3, Concrete, "that all 
concrete shall be proportioned by the volumetric measure- 
ments, using 1 part cement to 2 parts of sand and 4 parts of 
gravel or crushed stone." Also, not less than 5 sacks of ce- 
ment and not more than 7 gallons of water per sack of ce- 
ment are to be used for each cubic yard of concrete. The 
water, it is specified, should be potable, that is, pure enough 
to drink. The coarse aggregates shall be of a size that will 
be retained on a i/^-inch screen and will pass a 1-inch screen. 

Reinforcing steel is usually estimated by weight, assum- 
ing that a square bar 1 inch by 1 inch by 12 inches long 
weighs 3.4 pounds. Reinforcing bars should be listed as 
plain bars, deformed bars, spirals, round or square bars of 
different diameters, and bent or straight bars. Steel fabric 
which is sold by the roll or sheet should be listed by size of 
mesh and weight per square foot, with the number of square 
feet given. 

Masonry 

To estimate the number of bricks required for a wall, the 
number of bricks per square foot of wall surface or the num- 
ber of bricks per cubic foot of wall may be estimated. Al- 
lowance should be made for openings. When the number 
of bricks per square foot of wall surface is the basis for the 
estimate of the number of bricks required for a wall, the 
total must be multiplied by the number of bricks thick the 
wall is, that is, if it is more than one brick thick. 

Bricks range in size from 2 to 3 inches in thickness, 3*4 
to 41/2 inches in width, 7y 2 to 9 inches in length, and about 
60 to 76 cubic inches in volume. The standard size is 2*4 
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by 3% by 8 inches, with a volume of 67.5 cubic inches, and 
18 square inches on the face. The length may vary y$ inch 
by y 16 inches, depending upon the burning. The thickness 
of the joints between bricks may vary from % 6 to % inch, 
with from % to y 2 inch the most common thicknesses. 

Walls of common brick increase in thickness by 4 or 4y 2 
inches. A wall 13 inches thick does not require any more 
brick than one 12 inches thick, so that this variation need 
not be considered when estimates are being made. In the 
past, estimators figured common brickwork on the basis of 
7 or 7y 2 brick to a square foot of 4- or 4^-inch wall, 14 or 
15 brick to a square foot of 8- or 9-inch wall, and 21 or 22^ 
brick to a square foot of 12- or 13-inch wall. This method 
is still used where an overrun of brick is not too important, 
but a closer approximation may be achieved by the following 
method. 

A brick 8 inches long plus a vertical, or end, mortar joint 
of y± inch equals a total length of 8^ inches. A brick 2^ 
inches high, plus a horizontal, or bed, mortar joint of y 2 inch 
makes a brick course with a height of 2% inches. Eight and 
y 4 inches times 2% inches equals 22 n /i6 square inches for the 
total area on the face of the wall. To find the number of 
bricks per square foot of wall, divide 144 by 22 11 / 16 . The re- 
sult, 6.35 or 6^, is the number of brick per square foot of 4 
inch or 4V 2 inch wall. It is well to add iy 2 to 2 percent to 
the total estimate of the number of bricks required in order 
to allow for waste because of broken or faulty bricks. 

Most mortar mixes include cement, lime, sand, and water. 
The mortar required for a structure of brick or stone varies 
widely, depending on the size of the brick or stone, the thick- 
ness of the joints, and the proportions of the mix. A quan- 
tity estimate at best will be only approximate. The follow- 
ing table, prepared by the Quality Lime Institute, Philadel- 
phia, Pa., gives a probable range of cubic yards of mortar 
required for one cubic yard of stone. The table is for various 
thicknesses of walls and of joints with no allowance for 
waste. 
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CUBIC FEET OF MORTAR REQUIRED PER THOUSAND 

BRICK 



Joint thickness 
in inches 


1" wall 


8" wall 


12" wall 


16" wall 


20" wall 


24" wall 




mi ft 

CU, Jt. 


M, ft 

CU. Jt. 


CU. Jt. 


CU. /§, 


CU./f. 


CU. Jt. 


% — 


2. 9 


5. 6 


6. 5 


7. 1 


7. 3 


7. 5 


y* 


5. 7 


8. 7 


9. 7 


10. 2 


10. 5 


10. 7 


% 


8. 7 


11. 8 


12. 9 


13. 4 


13. 7 


14.0 


% 


11. 7 


15. 0 


16. 2 


16. 8 


17. 1 


17. 3 


% 


14. 8 


18. 3 


19. 5 


20. 1 


20. 5 


20. 7 


% 


17. 9 


21. 7 


23.0 


23. 6 


24. 0 


24. 2 


%— 


21. 1 


25. 1 


26. 5 


27. 1 


27. 5 


27. 8 


l. 


24. 4 


28. 6 


30. 1 


30. 8 


31. 2 


31. 5 



Q 
O 

Concrete blocks vary from 4 to 12 inches in height, from 6 
to 12 inches in thickness, and from 12 to 32 inches in length. 
The most common size, sometimes called 8 by 8 by 16, is 
actually 7% inches high, 8 inches thick, and 15% inches long, 
and varies in weight from 50 to 60 pounds each. Besides the 
regular blocks, there are half blocks, jamb blocks, and corner 
blocks. Concrete tile, usually hollow, varies in height from 
3 to 12 inches, and in width from 3% to 12 inches, with a 
12- inch length. Concrete brick are usually made standard 
size and are rarely hollow. The face of a gypsum block 
or tile is usually 12 by 30 inches, and it may vary from 2 to 8 
inches, or even more, in thickness. 

Rubble and squared stone masonry are measured by the 
cubic yard or foot, or by the perch. A perch of stone con- 
tains 24% cubic feet, pxcept in certain states, chiefly west of 
the Mississippi, where a perch is considered to contain I6V2 
cubic feet. Cut stonework is measured by the cubic foot; 
stone trim by the cubic foot ; and stone veneer by square foot 
of surface with the thickness given, or by cubic foot. The 
amount of mortar used will vary greatly depending on the 
stone. The materials in the mortar mix are cement, lime, 
sand, and such special ingredients as are required, and are 
usually given by volume. 
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Roofing 

Roofing is generally estimated by a unit of 100 square feet 
which is called a square. In shingling, the estimate may be 
based on the bundle or on 1,000 shingles. The area covered 
by a given number of shingles will vary as much as 40 per- 
cent, depending on the lap and spacing. Flashing may be 
given by the piece, by square foot, or by lineal foot; trim by 
lineal foot. Other materials used, besides the surface roofing 
materials, include nails and roofing paper and felt, down- 
spouts, and gutters. Eaves flashing is measured by the lineal 
foot, but the price is determined by the amount of metal 
constituting a lineal foot and in terms of the weight of the 
metal. 

Plumbing 

Your estimate of materials for a plumbing job may consist 
of merely taking off the required materials from complete 
and detailed plans and specifications, or you may have to 
work from a schematic diagram. In the later case, you will 
have to depend on your knowledge of plumbing and a famil- 
iarity with local and Navy plumbing codes. 

Plumbing is usually divided into two classes — rough 
plumbing and finish plumbing. Rough plumbing consists 
of: 

1. Piping. — Water, gas, and sewer pipes, both exterior and 
interior, including drains, soil and vent stacks, and soil, 
waste, and vent pipes. 

2. All types of fittings, including valves, traps, unions, 
and nipples. 

3. Packing and calking materials. 

4. Hangers and other auxiliaries necessary for proper sup- 
port and installation. 

Finish plumbing includes all plumbing fixtures, such as 
showers, bath tubs with accessories, sinks, water closets, and 
stoves, water heaters, and drinking fountains when these are 
specified. 
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Hooting and Air Conditioning 

Heating systems may be classified as warm-air heating, 
steam heating, or hot water heating; and the takeoff for all 
three may include, as main headings, the following : 

1. Heat-generating units. 

2. Heat-distributing units. 

3. Heat-control system. 

4. Heat-conveying system. 

5. Accessories. 

Air-conditioning systems may be of the central or of the 
unit type. When an air-conditioning system is combined 
with a heating system, the two are often taken off together. 
If they are taken off separately, care must be taken to avoid 
duplication of items. 

Eloctricol Work 

As in the case of plumbing, the plans from which you work 
in making the electrical wiring estimate may vary in the 
amount of detailed information given. Electrical work, like 
plumbing, is divided into rough and finished work. The 
rough work consists of conduit and wiring, and it is installed 
as the building is erected. Finished electrical work consists 
of the electrical fixtures which are installed when the build- 
ing is nearing completion. 

Rough electrical materials include conduit, fittings, wire, 
outlet boxes, cutout boxes, switches, receptacles, fuse boxes, 
main switches, meter boards, panel boards, main switch and 
fuse boxes, and of knobs, tubes, and nails if open wiring is 
used. There may also be bells, buzzers, bell transformers, 
and, in some jobs, large panel boards, motors, motor genera- 
tors, electric heaters, and other electrical machinery. Fin- 
ished electrical materials include ceiling fixtures, wall brack- 
ets and fixtures, service switches and plates, and floor-and- 
wall-receptacles, plates, and push buttons. 

In making takeoffs of the materials, it is best to work from 
the plans and specifications in a systematic manner. Some 
prefer to list all the materials one floor at a time and one 
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room at a time on each floor. If you work in this manner, 
be sure not to forget vertical wiring between floors. Others 
prefer to list materials by circuits, tracing one circuit from 
the main switch box and then a second circuit, and so on. 
With either method, you must remember to estimate the 
length of wires with adequate allowance for connections. 
The leads from the outside lines or from transformers should 
be included in the estimate as an extra item. 

QUIZ 

1. Where are statements concerning the quality of materials, work- 
manship, Inspections, tests, guarantees, etc., concerning a de- 
signed structure made? 

2. Why are the scales of the drawings for structures given both as 
equations and as graphic scales? 

3. What is the official identification number of any item of Navy 
material? 

4. What do the letters O, Y, or C indicate when they appear at the 
beginning of a stock number? 

5. What do architectural specifications contain? 

6. What is the first step in preparing a bill of material? 

7. What is a takeoff? 

8. Why are the unit terms in which the quantities of an item are 
expressed important? 

9. What term for quantity is used in listing steel for floating struc- 
tures? 

10. What term is used in listing lumber? 

11. What are the measurements of one board foot? 

12. How does dressed lumber vary from the nominal size? 

13. In what quantity terms are the nails for wooden construction 
estimated? 

14. What materials are used in concrete construction? 

15. How is concrete measured? 

16. How are the proportions of a concrete mix usually expressed? 

17. What causes concrete to harden? 

18. How is the quantity of reinforcing steel listed? 
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19. How is the number of bricks required for a wall estimated? 

20. What materials do most mortar mixes contain? 

21. How are rubble and squared stone masonry measured? 

22. What is the unit used in estimating roofing? 

23. (a) What does rough plumbing consist of? (b) What does fin- 
ished plumbing consist of? 

24. Under what general headings can the materials for heating sys- 
tems be included? 

25. (a) What does rough electrical work consist of? (b) What does 
finished electrical work consist of? 
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CHAPTER 



SURVEYING, COMPUTING, AND PLOTTING 

INTRODUCTION 

Surveying is the science of determining the relative posi- 
tions of points on the earth's surface. Distance, direction, 
and relative elevation of selected points are measured by the 
use of survey instruments in the field. The relative positions 
of the points measured can then be computed to the neces- 
sary degree of accuracy. Distance and height are measured 
in units of length, and direction is measured in units of arc. 

The earth is a spheroid, not exactly a sphere, with the polar 
diameter about 27 miles less than the equatorial diameter. 
The curvature of the earth's surface is very similar to that of 
a sphere. The basic difference between plane and geodetic 
surveys can be expressed in terms of this curvature. In 
plane surveys, north-south lines on the earth are considered to 
be parallel, and east-west lines are considered parallel, while 
in geodetic surveys, the convergence of lines is taken into ac- 
count. Both classifications involve the same types of ground 
measurement, made by the same basic methods, and there are 
no basic differences in the field operations. The distances 
between survey stations are often much greater in geodetic 
surveys, and special equipment, more precise instruments, 
and more precise procedures are usually required. 

In geodetic surveys, the computations take into account the 
effect of the earth's curvature on the relative positions of the 
points connected by the survey. These positions are ex- 
pressed as latitudes (angular values north or south of the 
Equator) and longitudes (angular values east or west of the 
Greenwich meridian), or they are expressed as eastings and 
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northings on a rectangular-grid system that is based on true 
north. (See chapter 13.) Geodetic surveys usually cover 
large areas such as a state, a nation, or a continent, but the 
area may sometimes be quite small. 

In plane surveys, the relative horizontal positions of the 
survey stations are computed with respect to a plane rec- 
tangular-grid system that may or may not be tied into a 
worldwide system of geodetic coordinates. Sometimes the 
effects of the earth's curvature may require limited considera- 
tion. For example, in a long traverse survey, it is customary 
to determine an astronomic azimuth at intervals of several 
miles along the traverse. Then, to check the measured val- 
ues of the traverse angles between adjacent astronomic azi- 
muth stations, the convergence of the meridians must be 
considered by adjusting the survey azimuth. This becomes 
the problem of how far plane coordinates may be carried 
from the origin. This distance depends on the accuracy de- 
sired. The errors of approximation in computing plane co- 
ordinates in small Navy project areas are of little or no 
consequence. But when the coordinates are extended over 
larger areas, the errors of approximation increase rapidly. 
The accuracy of the position in a 33% mile square figure 
would be about 1 part in 25,000. 

The methods used in making the survey and the way in 
which the notes are recorded depend on the purpose of the 
survey. The types you are most likely to come in contact 
with are : 

1. Construction surveys, which are made at sites where 
construction of an engineering nature is to be under- 
taken. 

2. Topographic surveys, which are made to determine the 
shape of the ground, both horizontally and vertically, 
and the location of natural and cultural, or artificial, 
features. 

3. Hydrooraphic surveys, which are made to determine 
the shape of the bottom of lakes, rivers, harbors, and 
oceans. 
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For more detailed discussions of the surveying methods 
mentioned in this chapter, read Surveyor 3 <£ 2, NavPers 
10632-A, or Element** of Surveying, TM 5-232, published 
by the Department of the Army. For tables and formulas 
involved in surveying computations, refer to a standard 
civil engineering handbook. 

Field Notes 

Survey notes are usually entered in a bound, pocket-size 
notebook. When transit notes are recorded, tabulations of 
distances and angles are entered on the left-hand page, and 
it usually provides enough space for all level notes. The 
right hand page is often a sheet of graph paper with a red 
centerline running vertically down the page, and it is used 
for transit sketches and level profiles. (See fig. 11-1.) 
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Figuro 1 1—1. — Top portion of facing pagos in a standard Hold book. 

Level notes and notes for closed traverses are usually 
started at the top of the page. Notes for route surveys are 
started at the bottom and entered consecutively upwards, so 
that the positions on the sketch on the right-hand page ap- 
pear in their appropriate places as the recorder walks for- 
ward along the line of the route. 

In the United States, the foot is used by surveyors and 
civil engineers as a basis for field measurements. Fractions 
.of a foot are expressed decimally, the nearest 0.01 of a foot 
should not be exceeded in third order surveys. Approxima- 
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tions like 0.10 should be confined to stadia surveys and the 
like. The term station was originally applied only to the 
actual point indicated by the numbered stake, but it is now 
universal practice in this country to use the word in refer- 
ring to either the point or the 100-foot unit distance. 

BASIC FIELD PROCEDURES 

The basic field procedures used in surveying consist of 
techniques for measuring distances and angles. A field party 
may consist of only two men, or it may be made up of a 
number of men, each w r ith a different function. Often a 
reconnaissance precedes the survey proper. Its purpose is to 
establish the general lay of the land. This is particularly 
important when the survey is to be made for construction 
work of some type. 

Taping Distances 

Figure 11-2 shows a method of recording taped, or chained, 
distances. In this case, each course was measured twice, the 
first measurement entered in the second column, and the sec- 
ond measurement in the third column of the field notes. In 
the fourth column, the mean of the two measurements was 
entered in yards (used with the polyconic projection) to the 
nearest hundredth. The unused columns headed angle and 
azimuth are to be used by the party which observes the hori- 
zontal angles. The right half of the right-hand page of 
notes shows a diagram indicating the location of each trav- 
erse station and its witness marks with all distances indi- 
cated. This procedure would apply to a first or second order 
traverse rather than to a routine survey, which would have 
the distances recorded in feet, rather than yards. 

When a long survey line is to be measured with tape, it is 
first marked with range poles. The head chainman then 
sets 1 marking pin at the starting point, counts to be sure 
that he has 10 more, and starts out toward the first range pole, 
carrying the end of the 100-foot tape in his hand. The rear 
chainman allows the tape to pass through his hands in order 
to straighten any kinks, and calls halt just before the whole 
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Figure 11—2. — Record of taped distances. 



length is drawn out. Then the head chainman turns, 
straightens the tape on the line under the direction of the 
rear chainman, and the tape is held taut and straight and 
horizontal from the top of the first pin, while the head chain- 
man sets the second pin. 

The rear chainman then pulls the first pin, and they repeat 
this procedure until the head chainman has set his tenth pin 
and the rear chainman has 10 pins in his hand. These 10 
pins he gives to the head chainman, and they continue as 
before. When the head chainman reaches the end of the 
line, he sets the pin, next carries the tape ahead, and then 
steps back and reads the fraction at the pin, recording the 
total distance (number of tape lengths plus the fraction) in 
the field book. 

When measurements are made on a slope, there are two 
ways of getting the horizontal distance. The measurement 
may be made along the slope and then corrected by convert - 
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ing the slope to the horizontal distance by computation, or 
it may be made by what is called breaking tape. In this 
case, the tape is held level or horizontal over as great a dis- 
tance as possible. Then the high point of the tape is trans- 
ferred to the ground by a plumb-bob line. This method of 
measuring on a slope is best and is used whenever possible. 

Stadia Measurements 

Stadia measurement's are read on a rod with a telescopic 
instrument such as an engineer's transit. An intercepted in- 
terval, known as the stadia intercept or stadia interval, 
between the upper and lower horizontal lines (stadia hairs) 
of the telescope's reticle is read on the rod which is held ver- 
tically at some distance from the observing instrument. The 
value of a stadia intercept is directly proportional to the 
distance between the observing instrument and the rod. 

When the line of sight of the instrument is inclined up- 
ward or downward, the value of the vertical angle becomes 
one of the factors necessary to reduce stadia readings to 
horizontal distances. (See fig. 11-3.) The stadia formulas 
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to determine the horizontal distance, Z>, and the difference of 
elevation, DE y from the stadia intercept, /, and the vertical 
angle, are as follows : 

D=t/cos 2 6 + Ccostf, 

DE-ll y 2 sin20 + tfsin*, 
in which / is the stadia interval factor (which can be as- 

sumed to be 100) and C is the stadia constant for the instru- 
ment. 

The stadia constant, C or (/ + <?), is equal to the focal 
length of the telescope's objective lens, /, plus the distance 
from the objective lens to the center of the instrument, e. 
Ordinarily, this value is determined by the manufacturer 
and is noted on the inside of the instrument carrying case. 
For normal stadia work, the constant C is assumed to be 
zero for the internal focusing type of instrument and 1.0 foot 
for the external focusing type of instrument. 

Measurements of Horizontal Angles 

A direction, in surveying, refers to the angular relation- 
ship of one line to another. Horizontal directions are de- 
signated as being either clockwise or counterclockwise from 
a base or zero direction. In surveying, all horizontal angles 
for directions are considered as being clockwise unless desig- 
nated in some manner as being counterclockwise. Multiple 
horizontal angular readings should not be necessary on rou- 
tine third order surveys, but they are necessary on second or 
first order surveys where the probable error of main scheme 
angles is 3 seconds. 

The angles of a traverse may be measured by several meth- 
ods. The interior angles, illustrated in figure 11-4 A, may 
be given, or the deflection angles, illustrated in figure 11-4B. 
A deflection angle consists of the angle between one course 
produced, or extended, and the next course. Deflection an- 
gles may be either right (R) or left (L) and are so desig- 
nated in the notes. The exterior angles of the traverse, 
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illustrated in figure 11-4C, may be measured, and these 
angles are always given one after the other in clockwise order 
around the traverse. In place of any of these methods, the 
azimuths of the courses, illustrated in figure 11-4D, may be 
recorded in the notes. 




INTERIOR ANGLES EXTERIOR ANGLES 

ALL MEASURED CLOCKWISE 




DEFLECTION ANGLES AZIMUTH ANGLES 



Figure 11-4.— A. Interior angle*. B. Exterior angle*, measured clockwise. 
C. Deflection angles. D. Aximwth angles. 

Azimuth is measured clockwise from a zero line running 
north and south. Every line has two azimuths, the forward 
and the back azimuth, which differ by 180 degrees. A true 
azimuth of any line is its horizontal direction from true 
north. A grid azimuth of a line is its horizontal direction 
from a grid line which may coincide with a true north-south 
line or may be roughly parallel to such a line. Magnetic 
azimuths are measured with magnetic north as the line of 
zero azimuth. 

The bearing of a line is its direction within a quadrant 
with reference to a meridian. Bearings are measured clock- 
wise and counterclockwise, depending on the quadrant, from 
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either north or south. A bearing is identified by naming the 
end of the meridian from which it is reckoned, and the direc- 
tion (east or west) from that meridian. Thus, a line in the 
southwest quadrant making an angle of 30° with the refer- 
ence meridian (south) will have a bearing of S 30° W. Bear- 
ings, like azimuths, can be true, grid, or magnetic. The rela- 
tionship between bearings and azimuths is shown in figure 
11-5. 
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Figure 11—5. — Relation of bearing to azimuths. 

The meridian indicated by the needle of a magnetic com- 
pass will seldom coincide w r ith the true meridian. The hori- 
zontal angle between the magnetic meridian and the true 
meridian, at a point, is called magnetic declination. When 
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the magnetic needle points eastward of true north, the mag- 
netic declination is east, and when the needle points westward 
of true north, the magnetic declination is west. The mag- 
netic declination at any point is not a constant value, but 
is continually changing. 

When the magnetic declination is east, its angular value 
added to the magnetic azimuth of a line gives the true azi- 
muth of the line. When the magnetic declination is west, 
its angular value subtracted from the magnetic azimuth of 
a line gives the true azimuth of the line. Because of the vari- 
ation in the magnetic declination, true azimuths determined 
this way cannot be relied on closer than to about one-fourth 
degree of arc. 

A chart with lines joining all places where the magnetic 
declination is the same at any instant is called an isogonic 
chart. Such charts for the United States are published 
every 5 years by the United States Coast and Geodetic Sur- 
vey. The solid lines on the isogonic chart are lines of equal 
magnetic declination, and every point along one of these 
lines has the same magnetic declination. (See fig. 11-6.) 
These lines are drawn for each degree of declination, both 
east and west of zero. The line representing zero degrees 
declination is known as the agonic line. Lines to the east 
of the agonic line indicate west declinations, and those west 
of the agonic line indicate east declinations. 

A value for a horizontal angle between any 2 lines can 
be determined by pointing at a target on 1 of the lines, point- 
ing at a target on the other line, reading the horizontal cir- 
cle on the instrument for each pointing, and finding the 
difference between the 2 readings. Because the angular 
value determined in this manner is subject to the effect of 
numerous errors, all angles should be measured at least 
twice, once with the instrument direct and once with the in- 
strument plunged. A greater number of measurements are 
often made to obtain a mean value with a minimum of 
residual error. 

There are two basic methods for the multiple measure- 
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Figure 11—7. — Sample field notes for six repetitions. 



ment of a horizontal angle: the repetition method and the 
direction method. The repetition method is normally used 
with a repeating instrument, such as a transit. The direc- 
tion method can be used with any transit or theodolite. 

With the repetition method, the angle is measured, and 
then, without turning the telescope back, it is measured 
again and again as many times as may be desired. The total 
in degrees is then divided by the number of times the angle 
was measured in order to arrive at the angle measurement. 
A set of observations may consist of 2, 3, or 6 repetitions of 
the angle with the telescope in the direct (or reversed) posi- 
tion, followed immediately by 2, 3, or 6 repetitions of the 
explement (that is, the remainder of the 360° in a circle) 
of the angle with the telescope in the reversed (or direct) 
position. Figure 11-7 illustrates a set of 6 repetitions, 6 
direct and 6 reverse. Notes for 2 and 3 repetitions are kept 
in the same form. 
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Note that an initial direct reading of the angle between 
the A Shoulder and the A Knob is entered on the second 
line of the notes with the figure 1 under the heading Rep 
(repetitions). This reading is 30°15'30". The angle is 
then repeated 5 times and the total reading entered on the 
line with the figure 6 under Rep. On the same line, the 
mean of the six readings is entered. The angle is then re- 
peated 6 times with the telescope in reverse, and the mean 
of the 6 readings entered. The final mean of the direct read- 
ings and the reverse readings is entered under the heading 
Remarks. On routine surveys, two repetitions from the 
B. S. to the F. S. are made, the first with the telescope erect 
and the second with it reversed. 

Leveling 

The purpose of leveling is to determine the difference in 
elevation between points or to determine the elevation at 
any given point- Direct leveling uses the leveling instru- 
ment and one or more leveling rods for the direct measure- 
ment of vertical distances. It is the most accurate method 
of determining elevations above a datum plane. Differen- 
tial leveling is the method of direct leveling used to deter- 
mine differences in elevation. Trigonometric leveling is an 
indirect method in which the elevation is computed by using 
trigonometry. 

Altimeter leveling determines approximate differences 
in elevation between points by measuring the atmospheric 
pressure at these points. The instrument, called an altim- 
eter, is an aneroid barometer graduated in feet. Changes 
in atmospheric pressure cause movement of the thin, corru- 
gated metal top of a partially exhausted metal box. In some 
altimeters a thin-walled, curved, metal tube changes its cur- 
vature. Since these instruments can be used only for ap- 
proximate measurements of differences in elevation, altimeter 
leveling is used principally in topographic surveys where 
many spot elevations are required. 

Bench marks are fixed points of known elevations. A 
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bench-mark system, or level net, consists of bench marks 
established at intervals along closed circuits over which level 
lines have been run. The elevations of all bench marks in 
a system are determined from the same level datum. Within 
the United States, bench marks usually refer to a mean SEA- 
LEVEL DATUM. 

The procedure of differential leveling is shown in figure 
11-8. The leveling instrument is set up and leveled at each 
of the indicated positions. At each setup of the instrument, 
a backsight and a foresight rod reading are made, while the 
rod is held on either a bench mark or a turning point. A 
backsight is taken on a known point of elevation, and a fore- 
sight is taken to determine an elevation. A turning point 
is any convenient point for determining an elevation that is 
not a bench mark. 




Figure 11—8. — Differential leveling. 



With the leveling instrument, usually only the middle 
horizontal cross hair is used for making each backsight and 
foresight reading. Field notes for differential leveling by 
this method are shown in figure 11-9. 

The values recorded in the columns headed BS and FS are 
respectively the backsight and foresight rod readings. The 
elevation (ELEV) of the first station (BM 35) has been 
previously established for this point. The values in the col- 
umn headed HI (height of instrument) are determined by 
adding the BS value to the elevation of the point on which 
the rod was held for this backsight rod reading. The eleva- 
tion of the second and successive stations is determined by 
subtracting the FS reading from HI value. For example, 
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Figure 1 1-9. — Sample field notes for differential leveling by one-hair 

observation. 

(lie rod reading of the second point, 8.100, subtracted from 
the HI value of the first point, gives the elevation of the 
second point, 155.530. 

The right-hand page of the notebook, which is always used 
to clarify the tabular notes on the left-hand page, contains 
cross references for the descriptions of the bench marks. 
Descriptions of any new bench marks would be entered here. 
Field notes were checked by adding the recorded values of 
all backsights and turning-point foresights. The difference 
between these two sums must equal the difference in eleva- 
tion between the first and last recorded BM or TP eleva- 
tions. Closures required for second order levels should be 

0.085 foot V miles run 

and for third order, 

0.05 foot V miles run. 

The extension of a level line across a wide river, ravine, 
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or similar obstacle involves backsight and foresight dis- 
tances differing greatly in length. Ordinary differential 
leveling procedure may not give accurate results because of 
the variable effects of atmospheric refraction. Reciprocal 
leveling procedure to eliminate refraction error is illus- 
trated in figure 11-10. 




Figure 11—10. Reciprocal leveling. 



In the figure, .4 is a bench mark or turning point of known 
elevation. To determine an elevation for R< on the opposite 
side of the river or obstacle, the instrument is set up at a 
convenient point C and rod readings are taken on A and R. 
Xext, a convenient point D is located for setting up the in- 
strument so that RC approximately equals CA % and AI) 
approximately equals CR. With the instrument on Z>, the 
difference in elevation between A and R is again determined. 
The differences in elevation between A and R as observed 
from C and I) are then averaged to get the difference in ele- 
vation between A and R. 

349655 0—56 21 3 1 1 



To measure a vertical clearance such as an underpass, the 
elevation of the bottom of the bridge stringers is determined 
by holding an inverted rod against the bottom of the over- 
head structure as shown in figure 11-11. The erect-rod read- 
ing plus the inverted-rod reading (a + b) equals the vertical 
clearance between the two surfaces. 




ROAD OR UttOERRtSS 

VERTICAL CLEARANCE ■ GL+b 
Figure 1 1 -1 1 . — Measuring vertical clearances. 

Vertical angles are measured with either a transit or a the- 
odolite. If a transit is used, the angles may be measured by 
the one-hair method or by the three-hair method. In the 
one-hair method, 2 pointings on the target are made, 1 with 
the telescope direct and 1 with it plunged, using the alti- 
tude clamp and tangent-screw to sight on the target with 
the horizontal cross hair. The vertical circle is read for each 
pointing and the mean of the readings is taken as the value 
of the vertical angle. The field notes for vertical-angle 
measurements should appear as shown in figure 11-12. 
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Figure 1 I — 1 2. — Sample field notes for vertical-angle measurement! with a transit. 

In the three-hair method with the transit, the value of a 
vertical angle can be determined more accurately by making 
3 direct and 3 reversed pointings on the target. Direct and 
reversed pointings are made with each of the three horizontal 
lines of the reticle. The vertical circle is read for each of 
these pointings and the mean of the six readings is then taken 
as the value of the vertical angle. 

With a Wild T2 theodolite, pointings are made with the 
telescope both direct and reversed, as described for the 
transit. The vertical circle is read for each pointing and 
the mean vertical altitude value is determined. 

Trigonometric leveling applies the fundamentals of trig- 
onometry in an indirect method of running level lines with 
a transit. Field procedure involves the measurement of 
vertical angles and slope distances. Trigonometric leveling 
determines elevations of low-order accuracy. It is particu- 
larly adaptable to uneven terrain where ordinary leveling 
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sights would necessarily be short and to situations such as 
reconnaissance and pipeline surveys where the time element 
is a prime consideration. Although trigonometric level lines 
can be run with an error of 0.2 foot per mile, side checks 
are made whenever possible to elevations of higher-order 
accuracy. 

The sine method procedure is illustrated in figure 11-12. 
The distance of the telescope above the ground has been 
measured and found to be 5 feet. Therefore the 5-foot mark 
on the rod is used as the signaling point in order to develop 
the parallelogram ABCD in figure 11-13. To determine 
the HI (height of instrument) from a point of known eleva- 
tion for the situation shown in figure 11-13, measure the ver- 
tical angle a from the horizontal line of sight to the 5-foot 
marking on the rod. The slope distance DA or CB from 
the rod to the instrument is determined by taping or stadia. 
Since the rod, DC, equals 5.00 feet and AB equals 4 to 5 feet, 
which is the height of the instrument above ground, AD and 
BC are assumed to be equal and parallel- The vertical dis- 
tance D to E is commonly called the difference in elevation 

DE 

and is referred to as the DE. The sin a =-7-77 or DE=AD 

AD 

sin a. The HI then equals the ground elevation plus the rod 
(5-foot marking to which the vertical a was read) plus the 
computed DE. 




A 



94.83 

Figure 1 1 -1 3.— Trigonometric level, depression angle backsight. 
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The procedures for a depression angle foresight, an eleva- 
tion angle foresight, and an elevation angle backsight in 
trigonometric leveling are similar to the procedure for a de- 
pression angle backsight and are illustrated in figure 11-14. 

A sample set of trigonometric level notes is shown in figure 
11-15. The sample notes cover, in the same order, the four 
situations illustrated in figures 11-13 and 11-14. The re- 
corder should denote whether the vertical angles are angles 
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Figure I 1 —1 4. — Procedures for trigonometric leveling: A. Depression angle 
foresight. B. Elevation angle backsight. C. Elevation angle foresight. 



315 





S3 


HI 


f 3 






AN 




otrr 


oe 




1 










ass 
















































— : f 




































JC 


*/# /c 












iit^Jicnrcrimii 














mini 


miiiiiiiiiiiiiiiinii 










90. / J 






«ic?aiE£ir£:iMm 














he 




F- 




i 






t 




1 


1 


llll 


* 










■asp s 




1 
































nr 






m 










7 
















97 3 9 






~ir^i^r.iEr:imiil 










6* 3/ 










i 


ii 


ii 


i 


1 


11 


11 


1 


1 


1 


1 


1 


1 


■in 


























































! - 



























































































































































































































































































































































































































































































































































































































Figure 1 1—15. — Notes for a stadia, trigonometric level line. 



of elevation (plus) or depression (minus). In computing 
backsights and foresights, the recorder gives the DE and 
ROD measurements with plus or minus signs. The compu- 
tations of trigonometric level lines can be done by the re- 
corder in the field, or it can be done in the office. If he 
records all three stadia hair readings, the recorder can check 
half-stadia distances for incorrect readings. If distances 
are taped, the column headed stadia reading is usually omit- 
ted. A combination of stadia and taped distances is re- 
corded as shown in figure 11-15 with a notation in the stadia- 
readings column indicating that the distance was taped. 

The tangent method of trigonometric leveling involves 
the conversion of slope to horizontal distance. The product 
of horizontal distance and the tangent of the vertical angle 
(a) equals the difference in elevation {DE) in all four cases. 
Xotes are recorded in some form similar to figure 11-15. 
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Traversing 

In surveying, traversing is defined as the field operations 
of measuring the lengths and angles of a series of straight 
lines connecting a series of points on the earth. The points 
connected by the lines of a traverse are known as traverse 
stations, or as traverse-angle stations. 

A traverse is always classified as either a closed traverse 
or an open traverse. It is also classified by the instruments 
used, such as a transit-tape traverse; by the quality of re- 
sults obtained, such as a third-order traverse; and by the 
purpose served, such as a road-centerline location traverse. 

A closed traverse starts and ends at the same point, or at 
points whose relative horizontal positions are known. A 
loop traverse forms a continuous loop enclosing an area. 
A connecting traverse starts and ends at separate points 
whose relative positions have been determined by a survey 
of an equal or higher-order accuracy. A connecting traverse 
of third-order accuracy, for example, may be run and ad- 
justed between two stations whose relative positions were 
determined by a first-, second-, or third-order traverse or 
triangulation. 

An open traverse ends at a station whose relative position 
is not previously known, and unlike a closed traverse pro- 
vides no check against mistakes and large errors. An open 
traverse may start at a station of assumed position, but 
usually it starts at a station determined by a closed traverse 
or by triangulation. Such traverses are often used for the 
preliminary survey for a road or railroad. When the trav- 
erse is run for the centerline location, ties to the prelimi- 
nary traverse form a series of closed, loop traverses. 

A random traverse is a special adaptation of an open 
traverse. It is run between 2 stations to determine their 
relative positions, after which the traverse is usually closed 
by running in the computed line between the 2 points. 

The procedures followed in making field and office com- 
putations are given in Swrveyor 3 & 2, NavPers 10632-A. 
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Figure 1 1—16. — A plan* table and telescopic alidade. 

Plane Table Surveying 

A plane table is very effective as an instrument for sur- 
veying detail and topography accurately. It consists of a 
drawing board mounted on a tripod. Drawing paper is 
placed on this board and the map drawn in the field as the 
survey progresses. The board or table can be leveled and 
oriented and sights are taken by means of an instrument, 
called an alidade, on top of the table. (See fig. 11-16.) 

The plane table is set up over a station and oriented so 
that the point on the map on the drawing board which cor- 
responds to the station is theoretically vertically over the 
station. Thus lines on the drawing board from the station 
will be parallel to lines on the ground. 
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The plane table may be used to locate points by radiation, 
as shown in figure 11-17. The distances to the points are 
obtained by reading stadia rods or by taping, and then the 
points are plotted to scale along the corresponding rays on 
the map. A plane table is used in traversing between two 
control monuments or stations. In this case, it is set up on 
each succeeding station in turn, and the distance between 
stations obtained by stadia or taping. 



If two points are known, a third point may be found by 
intersection. For example, in figure 11-18, the position 
of the two points A and B are known. To locate point A r , 
the plane table is first set up at point -4 and oriented to point 
B. Then a ray is drawn on the board in line with the rod 
on X. Next the table is set up on B and oriented with 
and a second line is drawn from // to A". The intersection 
of this line with the first line, locates point X on the board. 

Another method of locating points is by resection. For 
this method, it is necessary that two points be known and 
plotted on the map. In the simplest example of resection, 
the way in which it varies from intersection can easily be 



s 



B 




Figure 1 1 —1 7. — Locating points by radiation. 



319 



illustrated. For example, the two known points are A and 
B. The plane table is first set up on B and oriented on A. 
Then a sight is made on X and a line is drawn toward X. 
Next the plane table is set up on X, oriented on Z?, sighted 
on A, and a line drawn toward A. The intersection of this 
line with the line from B is the location of X on the map. 




Figure 11*18. — Plane-table location by intersection. 

PROFILES AND CROSS SECTIONS 

A profile may be plotted from data obtained by field par- 
ties or from a large-scale contour map. Profiles are made 
for the centerline of roads and railroads which are to be con- 
structed and for other construction projects or as a method 
for determining the intervisibility between two points on 
a map. 

The profile is plotted on special paper, with the vertical 
scale exaggerated. In road and railroad profiles the scales 
used may be 400 feet to the inch horizontally and 30 feet to 
the inch vertically. A still greater exaggeration is generally 
used for drainage profiles. 
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11-19. — Profile notes. 





321 



The first step is to decide from an examination of the 
range of the elevations where to start the drawing on the 
paper so that it will be centrally located and will fall within 
the limits of the sheet. First, the profile is drawn in pencil, 
using the rulings of the profile paper as a scale, and after- 
wards it is inked in. All surface elevations should be 
checked by reading from the profile station and elevation of 
each point as it is plotted and comparing them with the 
original data. Profile notes are shown in figure 11-19, and 
the completed profile drawn from these notes, in figure 11-20. 
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Figure 11*20. — Profile and grade line. 

As the concluding step in making the profile, the grade 
line is drawn through the ruling points, allowing for smooth 
vertical curves, taking into account the controlling condi- 
tions, such as a maximum allowable gradient of railroad, 
ditch, drain, etc. After laying the grade line on the pro- 
file, the cut or fill is indicated as differences in elevation 
between the ground and grade profiles. These are shown 
for every 50 feet (or less in rock) to 100 feet of profile, 
and in figure 11-20, they are placed at the top of the draw- 
ing, with plus ( + ) indicating a fill and minus ( — ) indicat- 
ing a cut. 

Cross sections are used to determine the amount of earth 
to be moved to bring the ground to the proper grade. These 
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cross sections are plotted after the field party obtains the 
necessary data and returns it to the drafting room. Notes 
similar to the first three columns in figure 11-21 are first 
made from the profile. Column 5 in the figure indicates the 
cut (or fill) on the centerline of the roadway. The field 
party fills in the other two columns. Column 4 indicates 
a number of feet to the left of the centerline, with the 
cut or fill entered under the number of feet, and column 
6 indicates a number of feet to the right of the centerline, 
with cut (or fill) entered underneath. 
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Flgwr. 11-21. — Crot» t.ction not.$. 

From the notes shown in figure 11-21, cross sections are 
drawn as shown in figure 11-22. Cross sections are usually 
drawn in pencil on heavy cross-section paper subdivided 
equally in both horizontal and vertical directions, usually 
10 subdivisions to the inch. Each cross section is identi- 
fied by a number which expresses the distance from the 
zero station of the profile line as 04-50, 1 + 00, 1 + 50, etc. 
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Figure 1 1-22. — Cross section for road. 
324 



To obtain the areas of cut and fill for computing earth 
quantities, the undisturbed ground line and the finished cut 
or fill line for each section must be plotted. First, a con- 
venient base elevation, which should be large enough to 
accommodate all the cross sections for 1 project, is assumed 
and marked on one of the heavy horizontal lines of the cross- 
section paper. Then the usual procedure is to plot the 
ground cross section before the excavation or fill is started, 
and as the excavation progresses, plot the cross sections of 
cut or fill and take off the quantities between ground line 
and cut or fill line with a planimeter. 

To calculate the quantities of earth to be moved, the area 
of each cross section must first be obtained. The areas are 
tabulated as shown in figure 11-23, keeping cut and fill sep- 
arate. The volume is then computed from the areas of the 
cross sections. The simplest method of doing this is to aver- 
age the areas of each two adjacent sections and multiply by 
the distance between them. Thus, 



in which A t and A 2 are the areas of the two sections and I 
is the distance between them. This method is used very 
extensively, although it does not give sufficiently accurate 
results for certain classes of work. 

A more nearly correct value may be determined by using 
the prismoidal formula: 



in which I is the distance between the two sections A t and A 2 , 
and A m is the area of the middle section; that is, the area 
of a section halfway between the two end sections. For this 
purpose, three adjacent sections are taken, A r and A 2 being 
the first and third respectively, and A m being the second. 
Thus, the area of every alternate section becomes the area of 
a middle section. The total volume of earth to be moved is 
obtained by adding separately all cuts and all fills, convert- 
ing each total into cubic yards. 



V= 




Xl (end area formula), 



V=y 6 (A 1 + 4A'» + A 2 )Xl, 
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Figure 11—23. — Earthwork computation from cross-section notes. 



In connection with drainage and irrigation work, the grad- 
ing of earthwork, location and construction of buildings, etc ., 
it is often desirable to obtain the shape of the surface of 
a piece of land. This may be done by dividing the area 
into a system of squares, and then determining the elevations 
of the corners and other points where changes of slope occur. 
The length of the sides of the squares are from 25 feet to 
1(H) feet. The data obtained by this method may be used in 
the construction of a contoured map, or to plot cross sections 
of any portion of the area. 

Cross sections may also be drawn from large-scale topo- 
graphic maps. Figure 11-24 is a portion of a topographic 
map showing mountainous terrain and a section taken from 
this map along the line A H. In the section, the 100-foot map 
contour intervals along the line AB are used to obtain the 
profile which is represented by the irregular line on the 
cross-section paper. 
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First, the line AB was drawn on the map. Then on a 
piece of profile paper, the zero elevation line was drawn. 
The highest elevation was determined by inspecting the map 
along the line AB. At the left end of the zero elevation 
line, 100-foot intervals are counted up to 2,500 feet, the 
nearest 100 feet above the highest elevation of 2,407 feet. 
Then each intersection of a 100-foot contour line with the 
line AB is plotted on the cross-section paper. Finally, the 
profile line is drawn through the plotted points. With the 
use of proportional dividers, the cross section may be easily 
drawn to a larger scale than the scale of the map. 

COMPUTATIONS AND PLOTTING 

Field records and computations include all field notes nor- 
mally recorded in special field notebooks or on special forms 
and all computations made by field parties or at field head- 
quarters. Computations that pertain to surveying and 
topographic work are to a great extent calculations based 
on observations in the field and constitute the final phase 
of obtaining the necessary controlling data on which maps 
are based. While most computations are made on special 
forms, some minor computations, of which only the final 
values are recorded, are often made to complete certain 
field notes. 

Independent office computations and adjustments include 
certain check computations referred to in the preceding para- 
graph and computations incidental to office work, such as are 
necessary for laying out projections, grids, plotting of in- 
complete control data, etc. 

The draftsman will be called upon to convert geographic 
data, such as geographic coordinates, azimuths, etc., pertain- 
ing to ground control stations, into grid coordinates and 
grid azimuths. Geographic data are usually furnished by 
other survey and mapping agencies and must be converted 
to conform with the plane survey grid system. 

For small areas, within a radius of 20 or 25 miles, the 
conversion of geographic to plane coordinates mky be simply 
and effectively made as shown in figure 11-25 and plane to 



328 



geographic coordinates as shown in figure 11-26, which are 
taken from the Bureau of Yards and Docks publication 
NavDocks TP-Te-1, Surveys, Drawing, and Specifications. 
For latitudes embracing the United States, tables for these 
conversions are given in the U. S. Coast and Geodetic Sur- 
vey Special Publication 71, and their counterpart in natural 
functions tables in Special Publication 241. In extending 
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New Station 
Origin 



X- 16,551.550 ft 
0.0 

®W- 16,551.550 ft 

- 4.218*3*6 
+ 1.8872494 

- 2.3315*92 
- 214.580 

- 0° 03' 34 '.580 
74° 06' 58 '.013 
74° 03' 23 '.433 

- 8.43768 

+ 2.31074-" 

- 0.74841 

- 5.603 
+ 831.566 ft 

+ 8'.217 

40° 36' 07 '.650 
4- 8.217 
40° 36' 15'.867 



Explanation 



©and® Given 
® Log. of® 

® H for latitude of New Station, USC & GS Spec. Pub. 71 

® Log.® divided by log. H - log. AX' 

® Difference between New Station and Origin, seconds 

® To east of Origin, therefore, is minus 

® Origin, longitude is West of Greenwich 

® New Station 

@ ©times 2 

fj L for latitude of Origin, USC & GS Spec. Pub. 71 
© Log. X 1 times log. L 
@ is minus, see Plate I d 

® ©minus® 

@ © divided by meridional arc distance for 1 second at latitude of New 
Station. This distance can be interpolated very closely from table 
below 

® Origin© Origin— New Station, in seconds 
® Latitude of New Station 

Meridional arc distances for 1 second longitude at any latitude 



lat 0° 100.764 ft 
lat 5° 100.771 ft 
lat 10° 100.797 ft 
lat 15° 100.833 ft 
lat 20° 100.866 ft 



lat 25° 100.948 ft 
lat 30° 101.020 ft 
lat 35° 101.102 ft 
lat 40° 101.187 ft 
lat 45° 101.279 ft 



lat 50° 101.368 ft 
lat 55° 101.456 ft 
lat 60° 101.535 ft 
lat 65° 101.611ft 
lat 70° 101.676 ft 



lat 75° 101.726 ft 
lat 80° 101.765 ft 
lat 85° 101.788 ft 
lat 90° 101.798 ft 



Figure 1 1—26. — Plane to geographic coordinate. 
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these tables for other latitudes, use the formula in Special 
Publication 71. 

The need for permanently referencing local engineering 
surveys by converting their plane coordinates to geographic 
positions (latitude and longitude) led, in 1933, to the estab- 
lishment of the State Coordinate System for the Lambert and 
transverse Mercator projections, which are discussed in chap- 
ter 13. The projection used depends on the shape of the 
particular State or group of States involved, and the projec- 
tion chosen is the one that gives the least distortion. The 
Lambert is better adapted to States having shorter north- 
south dimensions; the transverse Mercator is better for 
States having shorter east- west dimensions. 

A State index map showing the extent of geodetic surveys 
and whether they have been executed in the vicinity of a Navy 
project is available from the Director, U. S. Coast and Geo- 
detic Survey, Washington 25, D. C. If such a survey exists, 
and if quadrangle sheets have been executed for the area, a 
list of geographic positions and BM's and the plane-coor- 
dinate projection tables for the area should be procured. 

The State Coordinate System references surveys to the 
origin for the State in which the survey occurs. The World- 
wide Polyconic System references the survey to 1 of the 9 
zones comprising each of the 5 bands circling the earth in 
each hemisphere. The zones are 9 degrees wide, each zone 
overlapping 1 degree. 

Rectangular Coordinates 

Rectangular coordinates are distances north or south and 
east or west from a fixed point, called the origin, to any 
other point. These distances are measured along lines 
parallel with 2 lines intersecting at right angles at the origin, 
the 2 lines running south-north and west-east through the 
origin. (See chapter 4.) Thus, when the positions of any 
number of points are given by their distances from a common 
origin, the distance and direction with respect to each other 
can be obtained by plotting or computing. The location of a 
point is always expressed by two values: the difference in 



331 



latitude and the difference in longitude as measured from 
the origin, usually expressed in feet, yards, or meters. The 
difference in latitude is called latitude, and the difference 
in longitude, departure. 

In figure 11-27, it is assumed that the rectangular coordi- 
nates, in yards, of five different stations, A, B, C, D, and E, 
on a closed traverse, are : 



Station 


Latitude 


Departure 


A 


100, 000 
103, 000 
104,000 
102, 000 
99, 000 


100,000 
102, 000 

105, 000 

106, 000 
104,000 


B 


C 


D _ 


E 





A, the origin, is assigned coordinates of 100,000 for both 
its latitude and departure to avoid the use of plus and minus 
signs. As shown in figure 11-27, in which the lines are 
1,000 yards apart, A lies at the intersection of the 100,000 
west-east and the 100,000 south-north line. Likewise, B, 
C, D, and E fall on lines parallel to A's 100,000 line. 




Figure 1 1*27. — Rectangular coordinates. 
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Plotting Methods 

The plotting methods in this section are used for maps 
of smaller areas where the earth's surface can be considered 
plane. They are applicable to all types of surveys and are 
used mostly at the beginning of making a map. In general, 
these methods are those used in plotting horizontal control. 
Such control may be plotted by use of the protractor and 
scale, by the tangent method, chord method, or rectangular 
coordinate method. The two methods in general use are the 
protractor and scale method and the rectangular coordinate 
method. Control stations are indicated by appropriate 
symbols. 

Ordinarily the method of plotting by protractor and scale 
is used only when the control system, usually a traverse, is 
not extensive or important. Since a protractor is used to 
plot the angular values, either from direct angular measure- 
ment or from azimuths and bearings, and since the precision 
with which angles can be laid off varies directly with the 
diameter of the protractor, it is of advantage to use the 
largest protractor available. 

In plotting the stations of a traverse by the actual angu- 
lar values between them, the position of the first point is 
fixed by estimation, if not previously known, and a fine 
line of indefinite length is drawn in the direction of the 
second point. Along this line is laid off the given distance 
between the first and second point. The protractor is placed 
with its center at the second point and its 0° to center edge 
along the line just drawn, and the angle to the succeeding 
point marked. A fine line is then drawn connecting the 
angle mark with the second station, and the given distance 
from the second to the third station laid off along this line, 
which establishes the position of the succeeding point. The 
process is repeated for each traverse point until the entire 
traverse is plotted. When stations are to be plotted from 
azimuths or bearings, it is best to determine and draw the 
meridian — true or grid north — and plot all angles in logical 
succession by their bearings with respect to the meridian. If 
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Figure 11-28. — Plotting traverse by protractor and scale. 
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Figure 11-29. — Plotting trovers* by rectangular coordinates. 
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azimuths only are given, they must be converted to their 
corresponding bearing for plotting. (See fig. 11-28.) The 
weakness of plotting stations successively from previous sta- 
tions is that an error, once made, will be carried forward 
in locating other stations. 

Plotting by rectangular grid coordinates is the only prac- 
tical and satisfactory method for plotting the positions of 
control stations in any system of horizontal control. The 
rectangular coordinates (or grid) having been constructed, 
and the lines numbered so that all the points to be shown will 
fall within the numbered area, each station is plotted as 
follows : 

1. After comparing the rectangular coordinates of the 
station (found in the coordinates column under north- 
ings and eastings respectively, on the traverse sheet, 
fig. 11-29) with the numbered lines, select the proper 
square within which the station to be plotted will fall. 

2. With a pair of dividers or scale lay off along both south- 
north lines bordering this square the difference in north- 
ings between the stations and the grid line below it. 

3. Using a single triangle, draw a fine line connecting the 
two prick marks made with the dividers. This line 
should be perfectly parallel to the west-east lines. 

4. Now lay off along this newly drawn line the difference in 
eastings between the station and the 1,000-yard grid line 
to the left of it. 

5. Mark and label the plotted station. 

6. Repeat the operations until all stations are plotted. 

7. For a check always compare the scale distance between 
the last two plotted stations with the known recorded 
or computed distance. (See fig. 11-29). 

TIDE TABLES 

The vertical rise and fall of the ocean level caused by 
the gravitational force between the earth and the moon (and, 
to a lesser extent, between the earth and the sun) is called 
tide. The highest level reached by an ascending tide is called 
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high water, the minimum level of a descending tide, low 
water. At high and low water there is a brief period during 
which there is no change in the water level, and this period is 
called stand. 

The total rise or fall from low water to high, or vice versa, 
is called the range of the tide. The actual height of the 
water level at high and low water varies with phases of the 
moon, variations of wind force and direction, and from other 
causes. The average height of high water measured over a 
period is called mean high water. The average height of 
low water, measured in the same way, is mean low water. 
The plane midway between mean high and mean low water is 
mean sea level. The datum for Navy installations on the 
Atlantic and Gulf coasts is mean low water, and for the 




337 



Pacific coast, mean lower low water. Continental leveling 
is based on mean sea level. 

Spring tides occur near the time of fall moon and new 
moon, at which time the sun and moon act together to produce 
tides higher and lower than average. When the moon is in 
its first or last quarter, it and the sun are opposed to each 
other, and neap tides of less than average range occur. (See 
fig. 11-30.) 

There are usually 2 high tides and 2 low tides each lunar 
day. Because of the relative positions of the sun and moon 
with respect to the earth and each other, there is an infinite 
variety of tidal situations, so that the height of the water 
level varies from tide to tide, and from day to day. The 
lower of the 2 low tides in any 1 day is called lower low 
water. 

Reading the Tide Tables 

The ability to read tide tables is valuable in connection 
with hydrographic surveys and chart construction, as well as 
in navigation. The following tables are published annually 
in advance, by the U. S. Coast and Geodetic Survey : 

Tide Tables, Central and Western Pacific Ocean and Indian 
Ocean. 

Tide Tables, East Coast North and South America (includ- 
ing Greenland). 

Tide Tables, Europe and West Coast of Africa (including 
Mediterranean Sea). 

Tide Tables, West Coast North and South America (includ- 
ing Hawaiian Islands). 

Table 1 in each volume gives the time and height of 
tide at each high and low water for a number of principal 
ports, called reference stations. Because the lunar or 
tidal day is a little more than 24 hours in length, the time 
between successive high or low tides is a little more than 
12 hours. Therefore, when a high or low tide occurs just 
before midnight, the next high or low tide will occur at 
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about noon on the following day, and the next just after 
the ensuing midnight. Under these conditions, 3 consecu- 
tive high or low tides may occur on 3 different dates, the 
total interval involved being no longer than the period of a 
lunar day. When this occurs, only 1 tide is shown in table 
1 for the middle day of the 3 and dots are run in, in place 
of the second tide. 

Height of tide has no reference to actual depth of water, 
nor does the charted depth shown by a sounding on a chart 
indicate the lowest depth to be found at all times at that 
particular point. Mean low water, for example, is only 
an average of the various depths actually sounded there 
at low water during a survey. The charted depth is the 
vertical distance from the reference plane, on which sound- 
ings are based, to the ocean bottom. The charted depth with 
this same reference plane is used as the basis for the figures 
for high and low water which are given in the tide tables. 
As you see, the actual depth of water can be less than the 
charted depth, or below the reference plane. This is indi- 
cated by a minus sign placed before the height of tide 
shown in the tide tables. The depth of water, then, is equal 
to the algebraic sum of the charted depth and the height 
of tides as given in the tables. 

Table 2 in each volume contains a list of secondary or 
subordinate stations. The latitude and longitude of each 
of these is given. Under the heading differences, the dif- 
ference in time and height of tides between the secondary 
stations and the reference station are listed. The time 
meridian and the reference station used are also given. 

For example, suppose you wish to find the height of tide 
at George Washington Bridge in New York at 1500 on Fri- 
day 3 September 1954. First turn to table 2 in Tide Table, 
East Coast North and South America (including Green- 
land) and find George Washington Bridge in the left-hand 
column. The page on which it is found in the volume for 
1954 is shown in figure 11-31. Note that New York, printed 
in bold type in the differences column, is the reference sta- 
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tion for George Washington Bridge. The time meridian 
is 75° W. This means that the times listed are zone times 
plus 5. 

Now look at the headings under differences. The time 
given for George Washington Bridge is plus 45 minutes, 
which means simply that high and low tides occur 45 minutes 
later at the bridge than they do at New York, the reference 
station. In other words, you must add 45 minutes to any 
time of tide given in table 1 under New York. If the sign 
were a minus, it would mean that the tide occurred earlier 
and you would subtract the time given from the time at the 
reference station. 

Under height, high water is the figure —0.5. This 
means that the height of high water at the George Wash- 
ington Bridge is 0.5 foot less than the height of high water 
at New York, the reference station. Height of low water 
is listed as 0.0, indicating that no adjustment need be made 
in the height of low water under the reference station. A 
plus ( + ) sign always indicates that the difference should 
be added to the height at the reference station and a minus 
( — ) sign that it should be subtracted. 

Now you have the differences you need to apply to the 
data on the reference station in table 1. Page 62 from that 
table is shown in figure 11-32. Running down the column 
for September, find the date 3 F (Friday) and note that 
at New York a high water will occur at 1157 and a low 
water at 1813 on that date. Applying the difference (plus 
45 minutes) from table 2 for George Washington Bridge, 
you find that high tide occurs at 1242 and low tide at 1858 
at the bridge. 

Since 1500 comes after the time of high water, you know 
that the tide is falling (ebbing) at that time. By subtract- 
ing 1242 from 1858, you find that it takes 6 hours and 16 
minutes for the tide to go all the way out at the bridge. 
By subtracting 1242 from 1500, you learn that the time 
you are concerned with is 2 hours and 18 minutes past high 
water. 
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lvalues lor the Hudson River above Oeorge Washington Bridge are based upon averages lor the six 
months May to October, when the fresh-water discharge is a minimum 
A -difference for high waters only, 
/-difference for low waters only. 

Figure 11—31. — A portion of the table of tidal differences and ranges, table 2, 

tide tables. 
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Time aendien 75° V. The houra of thu day are numbered conaecut 1 vely fro* 0 h (Midnight) to 
23 h (11 00 p.a.l. 12 b 11 noon. All houra greater than 12 are in the a'ternoon (p.m.). 

Heighta are reckoned from the datuu of aoundinga on ckarta of the locality ehich ia Men lo« 
water . 

Figure 1 1—32. — A page from the table of reference stations, table 1, tide tables. 
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Table 1 tells you that the height of high water at the 
reference station is 4.4 feet. From table 2, you learn that 
the height of high water at George Washington Bridge is 
0.5 feet less than it is at the reference station. Therefore, 
height of high water at the bridge is 3.9 feet. Height of 
low water at New York is 1.1. Subtract this from 4.4 feet 
(height of high water) and you find that the range of the 
tide at the reference station is 3.3 feet. 

Now turn to table 3, a table which makes it possible for 
you to find the height of the tide at any time. (See fig. 
11-33.) You know that the duration of the fall in this case 
is 6 hours and 16 minutes and that the time from the nearest 
high water is 2 hours and 18 minutes past high water. The 
nearest value to 6 hours and 16 minutes is found to be 6 
hours and 20 minutes. Enter the table on this line and run 
across to 2 hours and 19 minutes. 

Now run down this column to the Correction to Height 
part of the table. You know that the range at the bridge 
is 3.3 feet. Where the 3.5 range line, the nearest range on 
the table to 3.3, intersects the Time From the Nearest High 
Water column, read 1.0 feet. This is the amount the tide 
will have fallen below high by 1500, 2 hours and 18 minutes 
past high water. By subtracting this from the height of 
high water at the bridge (3.9 feet), you learn that 2.9 
feet will be the approximate height of the tide above the 
charted depth at the bridge at 1500. 

For some stations in table 2, height differences would 
give unsatisfactory predictions. In such cases, the height 
differences have been omitted and 1 or 2 ratios are given 
instead. Where 2 ratios are given, 1 in the Height of High 
Water column and 1 in the Height of Low Water column, 
the high waters and low waters at the reference station 
should be multiplied by these respective ratios. Where only 
one is given, the omitted ratio is either unreliable or un- 
known. 

For certain stations, there is given in parentheses a ratio 
to be applied to the heights of high and low waters at the 
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Obtain from the predictions the high water and low water, one of which is before and the other 
after the time for which the height is required. The difference between the times of occurrence of 
these tides is the duration of rise or fall, and the difference between their heights is the range of tide 
for the above table. Find the difference between the nearest high or low water and the time for 
which the height u required. 

Enter the table with the duration of rise or fall, nrinted in heavy-faced type, which most nearly 
agrees with the actual value, and on that horitontaJ line find the time from the nearest high or low 
water which agrees most nearly with the corresponding actual difference. The correction sought is 
In the column directly below, on the line with the ranee of tide. 

When the nearest tide is high water, subtract the correction. 

When the nearest tide is low water, add the correction. 



Figure 1 1-33. — Height of Tide at Any Time, table 3, tide tables. 
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reference station and a correction in feet to be applied to 
that product. As an example, in table 2, opposite Hare Bay, 
No. 144, the values in the height difference column are 
(0.68 + 1.9 feet) referred to Argentia. On a given morning 
the heights of high and low waters at Argentia are 6.7 and 
—0.3 feet, respectively. The predicted heights for Hare 
Bay are obtained as follows : 

Argentia 6.7 feet high water. _ —0.3 foot low water 

X0.68 (ratio) X0.68 (ratio) 



4. 6 -0. 2 

+1.9 (correction) +1.9 (correction) 

Hare Bay 6. 5 feet high water __ 1. 7 feet low water 

The mean range is the difference in height between mean 
high water and mean low water. The spring range is the 
average semidiurnal range occurring semimonthly as the 
result of the moon being new or full. It is larger than 
the mean range where the type of tide is either semidiurnal 
or mixed, and is of no practical significance where the type 
of tide is diurnal. Where the tide is chiefly of the diurnal 
type the table gives the diurnal range, which is the differ- 
ence in height between mean higher high water and mean 
lower low water. 

For stations where the tide is chiefly diurnal, the time 
differences and the height of differences and ratios are in- 
tended primarily for predicting the higher high and lower 
low waters. When the lower high water and the higher low 
water at the reference station are nearly the same height, 
the corresponding tides often cannot be obtained satisfac- 
torily by means of the tidal differences. 

CURRENT TABLES 

A tidal current is the result of a tide, but not the tide 
itself. Tidal current is the horizontal motion of water re- 
sulting from the vertical motion caused by tide. Tidal cur- 
rents are so called to distinguish them from ocean or river 
currents. 
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The horizontal motion of water toward the land caused 
by a rising tide is called flood current; the horizontal mo- 
tion away from the land caused by a falling tide, ebb cur- 
rent. Between these two, while the current is changing 
direction, there is a brief period when no horizontal motion 
is perceptible. This is called slack water. 

The change of direction of the current always lags behind 
the time of turning of the tide, by an interval which varies 
in length according to the physical characteristics of the 
land around the body of tidewater. For instance, along a 
relatively straight coast with only shallow indentations, 
there is usually little difference between the time of high or 
low water and the time of slack water. But where a large 
bay connects with the ocean through a narrow channel, 
the tide and the current may be out of phase by as much as 
3 hours. In a case like this, the current in the channel 
may be running at its greatest velocity when it is high or 
low water outside. The direction of a tidal current is called 
set and the velocity is called drift. 

Reading Current Tables 

Current tables are published annually by the Coast and 
Geodetic Survey. Like the tide tables, they are divided 
into a table for reference stations (table 1) and a table 
for subordinate stations (table 2). Table 1 lists predicted 
times of slack water and predicted times and velocities of 
maximum flood and ebb at the reference stations for each 
day of the year. 

In table 2, the latitude and longitude of each subordinate 
station are given, together with difference in time of current 
and a velocity ratio with respect to one of the reference sta- 
tions. Like the tidal difference in time, the current time 
difference is applied to the time of slack or strength at the 
reference station to get the corresponding time at the sub- 
ordinate station. Velocity at the subordinate station is 
found by multiplying velocity at the reference station by 
the listed velocity ratio. 
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Also included in table 2 is information concerning flood 
interval, flood direction, average velocity, and spring velocity 
at strength of current. As you know, the flood tide is caused 
by the moon's attraction. In other words, as the moon 
passes over the meridian, the water piles up in its wake, as it 
were. The flood interval is the time which elapses between 
the moon's meridian transit and the ensuing maximum flood 
current. Maximum ebb will occur approximately 6*4 hours 
earlier or later. 

Flood direction is the true direction of the set of the cur- 
rent at maximum flood. The set of maximum ebb is gen- 
erally pretty close to the reciprocal of the flood direction. 

Average velocity given is the mean of all maximum flood 
and ebb currents. Spring velocity is the mean of the 
strength of flood and ebb currents at the time of spring tides. 

Table 3 in the current tables is like table 3 in the tide tables. 
It is used to find the velocity of the current at a specific time. 

Now, let's see if we can determine the set and drift of the 
current at the George Washington Bridge, for the same time 
(1500) on the same day for which we predicted the height 
of the tide. First, find George Washington Bridge in table 
2 of the Current Tables, Atlantic Coast, North America. 
The page from this table in the 1954 volume is shown in 
figure 11-34. Note that the current reference station for 
George Washington Bridge is The Narrows, shown in bold- 
face type near the top of the page. 

Now notice that the time difference shown opposite is plus 
1 hour and 55 minutes. This means that when certain cur- 
rent conditions exist at The Narrows, the same conditions 
will exist 1 hour and 55 minutes later at the bridge. Ve- 
locity ratio, as you see, is 1.1. This means that, if the 
current flows at a certain rate at The Narrows, it will be 
flowing 1.1 times as fast at the bridge 1 hour and 55 minutes 
later. 

Under the heading at strength of current, you see four 
columns. The first is flood interval. This, as already 
explained, is the average number of hours and minutes after 
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Figure 1 1—34. — Current differences and constants, table 2, current tables. 
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the moon transits the meridian that maximum flood current 
will occur. Maximum ebb will be 6 hours later or earlier. 

Direction (or set) of the flood current (20° true) is given 
in the next column. Unless the tables state otherwise, you 
can assume that direction of the ebb current will be the 
reciprocal (180° plus) of this. The next column gives aver- 
age velocity and the last column spring velocity. 

You now have all the values you must apply to the ref- 
erence station data in order to determine conditions at the 
subordinate station. These are: 

Time difference: plus lh 55m. 
Velocity ratio: 1.1. 
Flood direction: 20° true. 

Turn to table 1, The Narrows, and find Friday, 3 Sep- 
tember, as shown in figure 11-35. You want to know the set 
(direction) and the drift (velocity) of the current at George 
Washington Bridge at 1500. First, is the current ebbing 
or flowing at this time? Ebbing begins at the reference sta- 
tion at 1344, and the difference is plus 1 hour 55 minutes. 
Consequently, ebbing begins at the bridge at 1344 plus 1 hour 
55 minutes, or 1539. So at 1500 the current is still flooding. 
The interval between maximum current and slack is 3 hours 
and 8 minutes, and the interval between 1500 and slack 
is 39 minutes. Velocity of the maximum ebb at the ref- 
erence station is 1.7 knots, and the velocity ratio at the 
bridge is 1.1 times that, or 1.87. 

Now turn to table 3, shown in figure 11-36, and figure out 
the velocity of the current at the bridge at 1500. You enter 
the table with the interval between slack and minimum cur- 
rent (3h 9m) and the interval between slack and min- 
imum current (39m). The value in the column headings of 
the table which is closest to the first is 3 hours and no 
minutes (3h 00m) ; the value closest to the second in the left- 
hand column is 40 minutes (Oh 40m) . Where these two lines 
in the table intersect, you find the value 0.3. Multiply the 
velocity of the maximum ebb current (1.87 knots) by this 
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Figure 11-35. — Predictions for reference station, table 1, current tables. 
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Table A.— TIDAL CUKIIENT 
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t»e Table A for all places except those listed below for Table B. 

Use Table B for Cape Cod Canal, Hell Gate, Chesapeake and Delaware Canal and all stations in 
Table 2 which are referred to them. 



L From predictions find the time of slack water ami the time and velocity of maximum current 
(Bood or ebb), one of which is immediately before and the other after the time for which the velocity 
w desired. 

2 Find the inter. al of time between the above slack i :^d maximum current, and enter the top of 
Tabie A or B with the interval which most nearly agrees ith this value. 

3 Find the interval of time between the above slack and the time desired, and enter the side of 
T &b\e A or B with the interval which most nearly agrees with this value. 

4- Find, in the table, tho factor corresponding to the above two Intervals and multiply the maxi- 
mum velocity by this factor. The result will be the approximate velocity at the time desired. 



figure 1 1*36. — Velocity of current at any time, table 3, current tables. 
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factor and you get 0,561. This is the velocity (drift) of the 
current at 1500. 

What is the direction, or set? Well, you know that the 
current is still flooding at this time, and flood direction is 20°. 
Direction of the ebb will be 180° plus 20°, or 200°, the re- 
ciprocal of 20 degrees. 

QUIZ 

1. The basic difference between plane and geodetic surveys can be ex 
pressed in terms of what? 

2. What are the three types of surveys with which you are most 
likely to come in contact? 

3. What unit of measurement is used in the United States as a basis 
for field measurements? 

4. How are fractions of a foot expressed? 

5. In third order surveys what is the nearest fraction of a foot 
which should not be exceeded in order to keep the survey to the 
necessary accuracy? 

6. How is the term station used in surveys? 

7. When are measurements expressed in yards? 

8. How are stadia measurements read? 

9. In stadia measurements when the line of sight of the instrument 
is inclined upward or downward, what value becomes one of the 
factors necessary to reduce stadia readings to horizontal 
distances? 

10. What is an isogonic chart? 

11. What is the purpose of leveling? 

12. What is differential leveling? 

13. What is trigonometric leveling used for? 

14. How is traversing defined? 

15. What is a plane table? 

16. How is a plane table set up? 

17. Profiles are usually plotted for what purposes? 

18. What are cross sections used for? 

19. What projections are used with the State Coordinate System? 

20. What are rectangular coordinates? 
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21. (a) What is the difference in latitude called in the rectangular 
coordinate system? (b) The difference in longitude? 

22. What methods are used in plotting horizontal control? 

23. When is the protractor and scale method used? 

24. What is the only practical and satisfactory method for plotting 
the positions of control stations in any system of horizontal 
control? 

25. (a) What is the tidal datum for Navy installations on the Atlan- 
tic and Gulf coasts? (b) For the Pacific coast? (c) For conti- 
nental leveling? 

26. (a ) When do spring tides occur ? (b ) Neap tides? 

27. What is a tidal current? 

28. (a) What is the direction of the tidal current called? (b) The 
velocity? 
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CHAPTER 




LETTERING 

INTRODUCTION 

Lettering is an art. Like other arts, it requires years of 
study and practice. You will never be a good lettering man 
until you know what makes one alphabet easier to read than 
another, and what gives one more beauty and character than 
another. You should be able to see good letter forms in your 
mind. 

But an understanding of letters and the ability to think 
them must be accompanied by practice in drawing them until 
the muscles of your hand learn the pattern of the strokes. 
You should be able to draw perfect letters without con- 
sciously thinking of this pattern. In order to be a top-notch 
lettering man, you need good taste, an ability to visualize, 
and highly trained hand muscles. 

If you have mastered the single-stroke gothic alphabet, 
you have made a good start in lettering. This alphabet is the 
skeleton for most of the lettering you will be required to ex- 
ecute. You will find that the order and direction of the 
strokes are very much the same, and the added strokes neces- 
sary for other alphabets fit naturally into the pattern. 
Built-up letters, for which the outlines are first drawn and 
then filled in, follow no such pattern of strokes, but the skele- 
tons of the letters are still the same. The single-stroke 
gothic alphabet, the order of the strokes, the use of guide 
lines, and the spacing are discussed in chapter 5, Draftsman 8, 
NavPers 10471. 

In the engineering drafting fields, you will have little need 
to know how to do any other type of lettering. As a topo- 
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Courtesy Sir Isaac Pitman & Son* Ltd.. London, 
and Pitman Publishing Corporation, New York 

Figure 1 2-1 .—Portion of an inscription on bate of Trajan Column, Rome, circa 

114 A. D. 
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graphic or lithographic draftsman, you should be prepared 
to execute lettering which matches the lettering on maps or 
charts. Usually this will consist of type-set letters. It 
requires considerable skill to draw letters as clean and regu- 
lar as printed letters, and in the small sizes often used. As 
an illustrative draftsman, you will be required to letter 
posters, placards, and to do display lettering for publica- 
tions. Illustrative lettering can be considerably freer than 
the lettering on charts. The draftsman is limited only by 
the dictates of good taste and the suitability of the par- 
ticular lettering style. Within these limitations, he is free 
to use originality and imagination. 

Lettering is not a new development. It was highly de- 
veloped as an art before the invention of the printing press. 
The first type faces were simply copies of the best lettering 
of the day, and the first printed books were actually frauds, 
designed to look like, and be sold as, hand-written books. 
As printing took the place of lettering, people lost the knowl- 
edge and understanding needed to make good letter forms. 
First-hand knowledge of letter forms and an understanding 
of the relationship between these forms and the tools that 
shape them come from study of the finest models and a grasp 
of the historical causes behind their development. 

The most beautiful and highly perfected examples of the 
capital letters which we know today as roman are found in 
carved inscriptions on old Roman monuments. (See fig. 
12-1.) It is believed that these letters were first drawn on 
the stone with a brush. All our normal roman alphabets 
incorporate the combined effects produced in these letters 
by brush and chisel. 

For example, the left stem of the letter A was drawn with 
a light upward stroke of the brush and is thinner than the 
right stem produced by a downward stroke with more pres- 
sure behind it. Also the serifs at the end of the stems or 
horizontals are a direct effect of the chisel used in cutting 
the letters. The picture of these letters has become so 
firmly our idea of what letters are that lettering men or type 
designers will never depart very far from their shapes. The 
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exception, of course, is the trick alphabets which are de- 
signed to startle and even shock and which therefore have 
a very limited, current usefulness. 

Through the centuries, writing styles and even the basic 
letter forms were changed and modified by the materials 
used, and by the tendency of men to try to find ways of 
doing something more easily and quickly. Printing itself 
imposed certain changes, producing chiefly a trend toward 
a more mechanically perfected letter form. Since your work 
will usually involve either copying type or drawing letters 
to accompany it, you should have an understanding of type 
and the possibilities and limitations introduced by modern 
techniques of printing. 

TYPE FACES 

Type faces are classified according to their patterns. All 
authorities, of course, do not agree on the classification. 
Some divide type into four main groups; others into five; 
and still others six. For the purpose of discussion, type will 
be classified here under five headings : text, roman and italic, 
gothic or sans-serif, script or cursive, and contemporary. 

The words type and type face are used interchangeably 
because the face of a piece of type consists of a letter cast 
on a metal block. (See fig. 12-2.) The size of a piece 
of type is usually specified in points, as 12-point type, 10- 
point type, 42-point, etc. There are 12 points in a pica, 
and six picas to an inch. The printers' rule is graduated 
in picas, and you should obtain such a rule if you have 
occasion to work with type. 

If you were to measure the face on a piece of 12-point type, 
you might find that it falls short of 12 points, or a pica, in 
height. The reason for this is that the 12 points are a meas- 
ure of the size of the metal block and not of the letter itself. 
The shoulder of the block extends beyond the letter except 
in a few faces, usually cursive or inclined, where the slant of 
the letter makes it necessary for it to overlap. 

Because of the limitations of type, it is difficult for the 
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printer to set curved lines or to superimpose letters. When 
such arrangements are required, you can have him set the 
type and pull reproduction proofs. Then cut these proofs 
and paste them up in the desired arrangements. When you 




Figure 1 2-2. — Pi«t« of typ«. 



do this, leave ample margins around the letters. When they 
are reproduced, a photoengraving or a line negative will be 
made by photographic processes. The camera will also pick 
up the cut edge of the paste-up. This must be cut or painted 
out, an extremely difficult job when it is too close to the letters. 
A good hand-lettering man can letter the arrangement more 
quickly, and if necessary, modify the letters to provide a 
more pleasing balance. His lettering may then be repro- 
duced directly as a line cut. 

Types which are related in design are usually grouped 
into families. Members of a type family often include con- 
tracted and expanded faces, as well as bold faces. Some 
faces, such as Futura, include three weights : light, medium, 
and heavy. 
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Figure 12-3. — Engravers Old English. 
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An alphabet of one design motif available in a full range 
of sizes and weights is composed of fonts consisting of capi- 
tal and lowercase letters in both vertical and italic, along 
with numerals and punctuation marks. Small caps are also 
included in the fonts of book type or type up to 14 points in 
size. They are about the height of lowercase letters, with 
which they align when printed. They are often more ex- 
panded than the capital letters and their lines are slightly 
heavier in relation to their size in order to combine with the 
capitals and lowercase letters without an alteration in 
weight. For this reason, they may often be used in formal 
layouts of title pages, etc., rather than capitals from smaller, 
and lighter, fonts. 

Text 

The first printers were also calligraphers, and they de- 
signed the first types to match what they considered the 
best lettering of the day. The Gutenberg Bible is printed 
in an angular northern black letter. A number of type 
faces based on the old black-letter or text alphabets are still 
used. Many typographers insist that this is the true gothic 
type and that the use of the word gothic for sans-serif faces 
is a misnomer. 

Text is seldom, if ever, used as a book face today because 
when it is used for blocks of copy it is difficult to read. But 
it is often used for more formal and decorative purposes on 
certificates, formal announcements, etc. There is even a 
type face called Wedding Text. The example given in fig- 
ure 12-3 is a type alphabet of Engravers Old English in a 
48-point size. If you study this alphabet, you will see how 
it derives from a hand-lettered pen alphabet, with the pen 
held at about a 45-degree slant to the vertical, except when 
it is turned to make some of the thin verticals. 

Roman and Italic 

In Italy, the roundness of the early letter forms preceding 
the black letter were retained. The early Italian printers 
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A B C D E F 
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Figure 12-4. — Old StyU Cation alphabets. 
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A B C D E F 
G H IJ K L 

M N O P Q 
RSTUV 

WXY Z-& 

a b c d e f g 

h i j k 1 m n 

opqrstuv 

w x y z 1 2 3 
4 5 6 7 8 90 

Figure 12—5. — Bodoni capital and lowercase alphabets. 
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copied these round forms in type and thus the formal Italian 
writing became the model for the roman lowercase letters 
which are commonly used for the text of our present-day 
books and other publications. The cursive Italian hand was 
developed as italic letters. Almost all roman type faces 
have their counterpart in italic alphabets. 

Roman type faces are divided into old style and modern. 
The first of the old style faces were cut by men who were 
themselves calligraphers. But a gunsmith, William Caslon, 
who was accustomed to working with small steel shapes, de- 
signed the Old Style Caslon alphabets, which are still used 
extensively today. This type was slightly more regular and 
geometric than the previous letter forms. (See fig. 12-4.) 

It was an Italian, Giambattista Bodoni, who took the fur- 
ther step away from calligraphic styles to develop a truly 
typographic face, distinguished by its mechanical regularity 
and hairline thins and serifs. His type, called Bodoni, was 
fashioned after letters constructed by drawing, rather than 
letters that were written with a pen. Its characteristics, the 
hairline thins and contrasting heavies, are in general the 
characteristics which distinguish rrjiadern roman faces from 
old style. (See fig. 12-5.) 




Futura 
Futura 



Figure 12-6. — Type sample* of Futura in light, medium, and heavy. 
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Figwr* 12-7 Bonk Script alphabets. 
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Gothic or Sons Serif 

As type became less and less associated in the mind with 
manuscript writing, the logical development was toward a 
more mechanical form. Some of the gothic or sans-serif 
letters are almost a return to the clean letter forms of the 
early roman inscriptions, without the serif, which was added 
by cutting. Probably the most perfect of these is a modern, 
revised form of gothic, called Futura. (See fig. 12-6.) 
When these types are too heavy or when too great an effort has 
been made in designing them to make all the letter sizes as 
alike as possible, they lose considerably in legibility. And 
since we are accustomed to reading book type which has 
serifs, the sans-serif letters are less legible than roman when 
they are set in blocks or full pages of type. However, block 
or sans-serif letters are widely used on maps. 

Script or Cursive 

Script or cursive type faces are designed to look like writ- 
ten letters. Some are even connected by kerns, called 
ligatures on written forms, and the lines widen and narrow 
like those made with a flexible pen, which spreads under 
pressure and snaps back again when the pressure is released. 
(See fig. 12-7.) Such types as Cartoon are designed to look 
like letters drawn with a lettering brush or a round-tipped 
lettering pen. (See fig. 12-8.) 



CARTOON 



Figure 1 2-8.— Sample of cartoon. 

Contemporary 

The so-called modern types can be said to include such 
faces as Futura, which we have classified as a sans-serif 
face. In general, these types are designed with the idea of 



365 



making something new, something purely typographic, and 
unlike written letter forms as they have been developed over 
many centuries. In a type* like Ultra Bodoni, the tendency 
toward contrast has been carried to such an extreme that 
the heavy strokes have almost absorbed the counter, or 
inside space, of the letters. Needless to say, Ultra Bodoni 




Ultra Bodoni 

Stymie Extra 
Bold 

Figure 1 2—9. — Modern type facts. 

is an attention catcher, good so long as its novelty lasts, but 
almost illegible. Most poster or headline type suffers from 
a similar defect. (See fig. 12-9.) 

MATERIALS 

Today, as in the past, letter forms are modified by ma- 
terials. As a lettering man, you may take your choice of 
a number of different materials, and it is your business to 
know which materials to use when you wish to draw a par- 
ticular type of letter. However, a few simple tools which 
you understand and have experience with are better than a 
bewildering number. 
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Pencils 



Drawn letter forms may be executed first with a pencil. 
In practicing drawing such letters, use an HB pencil until 
you can draw the letters perfectly, then use a pen to finish 
them, with the pencil lines to guide you. 

For designing letter forms, a double pencil is useful. The 
two pencils may be bound together with rubber bands, and 
if the lettering is to be especially large, a block of wood can 
be inserted to increase the space between them. (See fig. 
12-10.) 

The double pencil is used to draw the skeleton of the letter, 
as illustrated in figure 12-10. The letter is then finished by 
the addition of serifs. 




Figure 12—10. — Double pencils. 
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Pens 



Many calligraphers insist that the best tools for fine letter- 
ing are still the quill and the reed. But the preparation of 
these is an art in itself. For most lettering, a short, not too 
flexible, steel pen with a wide nib and another similar pen 
with a pointed nib will serve. 

Speedball penpoints are provided in varying sizes, includ- 
ing pens with wide nibs for making roman or text letter 
forms. For large sizes, a rectangular-shaped nib may be 
used. Speedball pens are equipped with a well for the ink. 
Wells may also be added to Gillott and Hunt pens. For 
script or cursive letters, the flexible, pointed pen called the 
crowquill may be used. 




Courtesy Eugene Dietzgen Co. 
Figure 12—11. — Speedball pen for use in lettering roman letters. 

Do not dip your pen in ink. Fill it with the quill attached 
to the stopper of an ink bottle, a small brush, or another pen. 
Keep the outside of the nibs clean. Wipe the pen often on a 
piece of lintless cloth while you are working, and clean it 
carefully before you put it away. Good work cannot be done 
with a dirty pen. 

Built-up letters are made with a small pointed pen. First, 
the outline is drawn and then the heavy portions are filled in 
with the same pen or with a brush. 

You will find that the position of the pen and of the work- 
ing surface are both important. The calligraphers of the 
Middle Ages worked with their parchment or vellum raised 
at an angle of about 60 degrees. At this angle, the letters 
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were not seen as foreshortened. You may work with the 
lettering surface at an angle of about 45 degrees at first, and 
raise the board higher as you become accustomed to the posi- 
tion. The old scribes held the pen nearly horizontal, which 
made it easier to control the ink flow. (See fig. 12-12.) 




Figure 1 2-1 2. — Positions of lettering surface and elevation of the pon. 



In lettering, the angle of the pen in relation to the vertical 
strokes of the letters is also important. Notice the difference 
between a letter O formed by a slanted pen and the letter O 
formed by a straight pen, as shown in figure 12-13. Occa- 
sionally the paper may be turned to make the angle of the 
pen greater. It may be turned the other way to decrease the 
angle, when you find it most comfortable to letter even the 
straight-pen forms with a slanted pen. 

Hold the pen between your forefinger and thumb and rest 
it on your second finger, with the other fingers relaxed. Do 
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not grip it tightly. When the pen is held tightly, you cannot 
feel what the nib is doing. Rest the heel of your hand on 
the drawing board. Hold your left hand just under the 
lettering line. (See fig. 12-14.) If you hold a spatula 
pressed against the lettering surface, this will help not only 
to keep the paper firmly pressed against the pad, but also 
to keep your body squarely in front of your work. Some 
lettering men use their left hand to steady their pen hand at 
times. A piece of paper may be placed across the board just 
under the lettering line to protect the surface from hand- 
prints. 



o o 




B 

Figure 12-13.— A. Influence of the direction of the pen on leMer form. B. 
influence of slant of paper on angle of letter. 



370 



When letters are to be drawn on a large chart or some 
other piece of artwork, it is sometimes necessary to work 
with the lettering surface in a more level position than has 
been recommended here. In this case, try to assume a 




Rgwr* 1 2-1 4. — Position of tHo hands. 



position which will bring you sufficiently above the working 
surface so that you can see the letters vertically and not 
at a slant that makes them appear foreshortened. 

Brushes 

The brush is not so useful for fine lettering as the pen, 
because it is so flexible that it requires greater skill to pro- 
duce finished letter forms. However, for less permanent 
lettering such as show card, the brush is a useful tool. 

Some show card lettering men prefer a pointed brush, 
but either the round or flat lettering brushes with the bristles 
cut straight across at the tip are commonly used. 
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Paper and Ink 

As a topographic draftsman, you will letter on clay- 
surfaced paper, plastic sheets, or other map materials. As 
a lithographic draftsman, you will work on zinc or aluminum 
plates or film negatives. As an illustrative draftsman, you 
will sometimes be required to draw letters on painted sur- 
faces, using paint instead of ink, but generally you will 
work on paper. A smooth but not glossy surface is gen- 
erally best. When lettering is to be reproduced, a white 
paper should be used. A hot-pressed illustration board is 
good for this purpose. Also, lettering which is to be repro- 
duced may be touched up around the edges with a fine brush 
and opaque white water color to prevent fuzzy reproduction. 

It is better to use black ink, rather than colored ink, for 
practice, since imperfections show up better in black ink. 
Colored ink tends to make letters look better than they are. 
Ink that is quite thick or a thick water color is hard to control 
and flows poorly from a pen or brush. 

LETTER FORMS 

Letters may be thought of in two ways : as skeletons which 
the tool follows and embellishes with strokes which are nat- 
ural to it, or as surfaces where the boundaries are important 

legible 

legible 

Figure 1 2—1 5.-— Small intid* spam in a I.M.r make it lass lagibla. 
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and which are drawn first in outline. In lettering the first 
type, your danger lies in a defective or debased mental 
image of the skeleton forms and in a failure to follow normal 
stroke patterns. In drawing the second type of letter, your 
danger lies in a tendency to build up the heavy strokes until 
the inside shapes of the letters become too small. (See fig. 
12-15.) If the inside space becomes too small, there is a 
tendency for it to fill up when the letter is reproduced. The 
beauty, as well as the legibility, of a letter depends very 
much on its inside shape. 

Good skeleton alphabets are shown in figure 12-16. The 
spaces between guide lines are given in terms of tenths of 
an inch for convenience in measuring with the engineers' 
scale. These alphabets, and the roman capital alphabet 
shown in figure 12-17, are taken from the Hydrographic 
Office publication, Projects in Drafting for Trainees. 

Notice that the O in both the sans-serif and the roman 
capital alphabets is narrower than it is high. This is a clue 
to the relative width to height of other letters as well, since 
the beauty of an alphabet depends to a great extent on the 
uniformity of letter sizes. You will find other alphabets in 
which the O is as wide as it is high or slightly wider. In 
these alphabets, if they are well designed, other letter forms 
will also have widened shapes. 

In studying an alphabet, this is the type of thing you 
should look for. For example, notice that the angle at the 
top of the A in figure 12-17 is quite sharp. You will find 
other A's in which the angle is treated differently. Also the 
B, E, F, R, and Y, which are generally classified as narrow 
letters along with the S, are as wide or wider than the L, A, 
N, H, U, and X. Also compare the width with the height 
of each letter, as well as the width of one letter with another. 

The W is the widest letter in the alphabet. It consists of 
a double V. The two letters V and U were at one time the 
same letter which explains the name — double U. The V's 
of W are made narrower than the letter V in order to produce 
a W which is near the width of the other letters. Since we 
are accustomed to seeing the W made in this way, a W which 
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is composed of V's as wide as the letter V jumps out from a 
page of letters, calling attention to its individual shape and, 
therefore, slowing the reader. An alphabet with such a 
letter, whether it is a W or some other, is not as legible as 
could be desired. 

It has been argued that the two V's of the W should overlap 
or at least join at the mid-point of the inner strokes, but in 
this alphabet, the joint is slightly above the mid-point and 
the design of the letter is such that this appears to be the 
normal shape. 

Also look at the serifs. Compare their bracketed shapes 
with the serifs in the alphabets shown in figures 12-8 and 
12-9. See how the heavy and light lines of the letters com- 
pare with each other and with lines in other alphabets. 

In B, E, F, H, P, R, S, and X, the cross bar or division is 
slightly above the middle of the letter. In theory, it would 
fall in the middle, but in order for its apparent position to 
be in the middle, it must fall slightly above the true center 
of the letter at what may be called the optical center. The 
optical center is above the actual center. A is an exception, 
and the cross bar here may fall below the optical center as 
it does in this alphabet. 

One reason why the cross bar on the A looks well below the 
optical center of the letter may be that this brings the 
counters, or spaces, in the A to a more nearly equal area, al- 
though the lower counter is still larger. Also the A repro- 
duces better when it is more open. The lower counter is also 
larger in the B, E, F, H, S, X, and Y after the cross bar is 
moved up in these letters. In B and S, the lower curve is 
also enlarged to make these letters seem more balanced or 
more stable — to prevent their appearing as if they might fall 
forward. The same thing may be seen in the slight extension 
of the lower arms of the R and the K beyond the upper arm 
and the loop. 

The two outside stems of the M are vertical. Often the M 
is made with slanting outside stems to bring the counters 
below the center V to approximately the same area as the 
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space, or counter, above. This is one of the concerns of a 
designer of letters. Not only must the space between letters 
be roughly equal or appear equal and the letters themselves 
be as close to the same width as the different letter forms 
allow, but also the counters within the letters should be 
roughly the same. These three principles of spacing tend to 
produce an alphabet which, by not calling attention to any 
singularity of space, allows the reader's eye to move smoothly 
over the letters. At the same time an alphabet may have its 
own variations which give it character. The qualities of a 
good alphabet are legibility, beauty, and character. 

A portion of a lowercase roman alphabet is shown in 
figure 12-18. Study these letters, comparing their widths. 
Then compare them with the lowercase alphabets in figures 
12-4 and 12-5, in order to see how they differ in individual 
characteristics from other lowercase roman letters. 

As a preliminary step to the copying of any alphabet, it 
is of the utmost importance that virtually every letter be 
studied carefully. The true form of each, together with its 
proportions in relation to the other letters, must be clearly 
fixed in the mind, for not until you can visualize the letter 
correctly can you expect to produce a facsimile of it. 
Muddled perception, usually born of impatience, is probably 
the most common fault of a beginner. To perceive a letter 
correctly, constantly ask yourself these questions: 

What is the width as compared to the height ? 

What is the true shape of the curve — is it circular, or is 
it slightly elliptical ? 

How long is this element as compared with that element? 

Where is the cross bar placed — precisely at the center or 
slightly above? 

What is the angle of this line and at what point does it 
join the other line? 

It is when you find yourself thinking these questions auto- 
matically and subconsciously as you study and copy letters 
that you are really well on the way toward success in letter- 
ing. The three steps in learning to letter an alphabet con- 
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sist of first learning to see the letters, then impressing them 
on your visual memory, and finally practicing them until the 
muscles of your hand have also acquired a muscular memory 
of the letter forms. 

CHART LETTERING 

Lettering plays such an important role in the finish of 
charts and maps that the need for perfection in this element 
of their construction can hardly be overstressed. The letter- 
ing on a chart does much to establish the initial impression 
of the quality of the work. Slight imperfections that might 
not mar the symbols on a chart are quickly detected in the 
lettering. Cartography is an art, as well as a science, and 
lettering is part of the art. 

There are several factors which enter into the production 
of superior lettering and topography. The aim must always 
be toward letters which are appropriate to the purpose. 
Type and lettering highly effective in advertising, book, or 
decorative work might be an unfortunate choice for serious 
charts and maps. 

Letter styles on charts should be sufficiently restrained to 
avoid calling attention to their design. They must be legi- 
ble, open enough to reproduce well by the lithographic proc- 
ess, yet not so bold as to kill adjacent type or to cause spotti- 
ness in the chart. They should blend in reasonable harmony 
when mixed. 

Introducing types of widely divergent design, such as . 
sans-serl<f and roman, in a single work is unavoidable when 
clear-cut distinctions must be made among the various ele- 
ments of a chart's content. To be considered for adoption, 
a style usually should be available in light, medium, and 
bold, with italics to match, but this is not always possible. 
Different types which give similar effects may be used 
instead. Some good styles are not sufficiently economical 
of space to be practical for all work. Condensed or con- 
tracted forms must be resorted to and should be available. 



379 



Hydrographic Office Charts 



Navy Department charts, including aeronautical charts 
and the charts in the Seaplane Pilofs Handbook or the Sea- 
plane Route Manual, are produced at the Hydrographic 
Office. The lettering on aeronautical charts is similar to 
that on navigational charts, but the lettering on seaplane 
route charts is different in that only sans-serif types are 
used. 

The Hydrographic Office has established certain rules con- 
cerning lettering on charts. The purpose of these is chiefly 
to ensure the use of different types to indicate differing fea- 
tures. In the past, engraved lettering was used extensively. 
Now, however, only the figures for soundings, abbreviations 
for bottom characteristics, symbols, and standard notes are 
engraved. The size of these are indicated by a gage num- 
ber which refers to the size of the stylus used by the en- 
graver. Foundry type or monotype is used for other 
lettering. 

Land features are shown in vertical lettering, and water 
features are shown in leaning lettering. Important fea- 
tures are shown in caps. Any feature larger than 12-point 
type is shown in caps. Place names are generally shown in 
full strength, that is, roman type. Descriptive notes and 
secondary names are set in sans-serif type. The following 
table gives the names of type faces used. 



Type Standards for Navigational Charts 



LAND NAMES 



18 Pt. Lining Title 
14 Pt. Lining Title 
12 Pt Lining Title 
12 Pt. Roman Caps 
12 Pt. Bodoni Book Cape 
12 Pt. Bodoni Book Lower Case 
10 Pt. Bodoni Book Caps 
10 Pt. Bodoni Book Lower Case 
8 Pt. Century Expanded Caps 
8 Pt. Century Expanded Lower 



8 Pt. Bodoni Book Caps 
8 Pt. Bodoni Book Lower Case 
6 Pt. Century Expanded Caps 
6 Pt. Century Expanded Lower 



Case 

6 Pt. Bodoni Book Caps 

6 Pt. Bodoni Book Lower Case 

14 Pt Lightline Caps 

12 Pt. Lightline Caps 

10 Pt. Lightline Caps 



Case 
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WATER NAMES 



14 Pt. Century Expanded Italic 
Caps 

12 Pt. Century Expanded Italic 
Caps 

12 Pt. Bodoni Book Italic Caps 
12 Pt. Bodoni Book Italic 

Lower Case 
10 Pt. Bodoni Book Italic Caps 
10 Pt. Bodoni Book Italic 

Lower Case 
8 Pt. Century Expanded Italic 

Caps 

8 Pt. Century Expanded Italic 

Lower Case 
8 Pt. Bodoni Book Italic Caps 



8 Pt. Bodoni Book Italic 

Lower Case 
8 Pt. Bernhardt Gothic Italic 

Caps 

8 Pt. Bernhardt Gothic Italic 

Lower Case 
6 Pt. Bernhardt Gothic Italic 

Caps 

6 Pt. Bernhardt Gothic Italic 

Lower Case 
6 Pt. Lining Gothic Italic Caps 

No. 524 

5 on 6 Pt. Lining Gothic Italic 

6 Pt. Century Expanded Italic 
Caps 

6 Pt. Century Expanded Italic 
Lower Case 



For names of STRAIT, CHANNEL, CANAL, PASSAGE, and 
PASS to be larger than 8 Pt. Bernhardt Gothic Italic Caps, use 10 or 
12 Pt. Bodoni Book Italic Caps, then 12, 14, 18, or 24 Pt. Century 
Expanded Italic Caps. 

ELEVATIONS 

6 Pt. Century Expanded 6 Pt. Lightline No. 3 (for 

5 Pt. Century Expanded contour lines) 



VARIATION CURVES 
6 Pt. Light Copperplate Gothic No. 34, Caps 

PROJECTION AND SCALE FIGURES 



Nautical Miles 

Figures 
Yards 

Figures 
Meters 

Figures 



6 Pt. Lt. L. No. 4 Lower Case 

6 Pt. Lt. L. No. 3 

6 Pt. Lt. L. No. 4 Lower Case 

6 Pt. Lt. L. No. 3 

6 Pt. Lt. L. No. 4 Lower Case 

6 Pt. Lt. L. No. 3 



Scale Borders 



No. 40 to No. 50 
Degrees 8 Pt. Bodoni Book 
Minutes 6 Pt. Bodoni Book 



No. 55 to No. 65 
10 Pt. Bodoni Book 
8 Pt. Bod cmi Book 
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Plan Borders 



No. SO to No. 35 
Degrees 6 Pt Lt. L. No. 4 
Minutes 6 Pt. Lt. L. No. 3 
Seconds 6 Pt. Lt. L. No. 2 



No. 40 to No. 50 
8 Pt Lt L. 
6 Pt. Lt L. No. 4 
6 Pt Lt. L. No. 3 



No. 55 to No. 65 
10 Pt. Lt L. 
8Pt. Lt L. 
6 Pt. Lt. L. No. 4 



NAVIGATIONAL AND RADIO AIDS 

Fixed — 

6 Pt. Lightline No. 4 Caps and Lower Case 
Floating — 

6 Pt. Bernhardt Gothic Italic Caps and Lower Case, Numbers and 
letters of buoys. 

DESCRIPTIVE NOTES AND SECONDARY NAMES : 



Water — 

10 Pt. Draftsman Italic Caps. 
8 Pt. Draftsman Italic Caps 

and Lower Case. 
6 Pt. Draftsman Italic Caps 

and Lower Case. 
6 and 8 Pt. Draftsman Italic 

Caps and Lower Case. 
Begin with Cap when indicat- 
ing a danger or when of im- 
portance to the navigator. 



Land — 

10 Pt. Lightline Cape and 

Lower Case. 
8 Pt. Lightline Caps and Lower 

Case. 

6 Pt. Lightline No. 4 Caps and 
Lower Case. 

6 Pt. Lightline No. 4 Caps and 
Lower Case (Also 8 Pt. and 
6Pt. No. 3). Begin with Cap, 
when particular point or ob- 
ject Is indicated. 

6 Pt Lightline No. 3 Caps. 

6 Pt. Lightline No. 2 Caps. 



Type Stick-Up 

Type proofs are first pulled on special proving presses. 
These proofs are backed with adhesives or wax and positioned 
on the original chart by the draftsman. The type may be 
printed on white paper backed with a thin layer of ad- 
hesive or on both sides of transparent plastic simultaneously 
and in perfect register. The plastic is then coated with wax 
or with wax to which white pigment has been added. 

The draftsman has only to cut out with a sharp knife the 
letters to be placed together on a map. He should take care 
to leave enough space around the letters so that the shadow 
left by the edge can be painted out on any negative. The 



382 



cut-out piece is then positioned on the surface of the map. A 
burnisher is used on the wax-coated plastic. 

Letter Spacing 

Letter spacing is the term applied to the opening up or 
stretching of words, an essential practice in chart and map 
construction. Since more space must be evaluated in each 
unit of letter spacing, it is somewhat more difficult for the 
lettering man than normal spacing. However, the same rule 
applies. Letter spacing merely requires a more expertly 
trained eye. Simply add the correct minimum spacing ac- 
cording to the needs indicated by the shapes of the letters, 
plus the unit of uniform increase that is to be added between 
all letters in a word or line. (See fig. 12-19.) Even 
mediocre lettering can be made to look professional if it is 
spaced properly. 

ATLANTIC OCEAN 
ATLANTIC OCEAN 

Figure 12—19. — An •xompU of Uttor spacing. 

In meeting predetermined measures or line lengths, you 
should prepare a carefully spaced draft on tracing tissue be- 
fore working on the lettering surface. This procedure also 
helps when you are lettering lines based on a curve, especially 
when the precise curve has not been established. Diagonal 
guidelines may be used on the tracing paper to retain a con- 
sistent slant in leaning letters. Transfer the perfected draft 
with the tracing point and a blue-paper underlay, using tape 
to hold the tissue draft in position. 

ILLUSTRATIVE LETTERING 

The illustrative draftsman usually has a far freer choice of 
lettering styles, but for this very reason, he is far more likely 
to produce tasteless lettering. When hand lettering is to be 
reproduced with type, it does not have to match the letter 
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forms of the type faces used, but it should be designed to go 
well with them. When lettering is to accompany an illustra- 
tion, it should match the style of the illustration. You would 
not use the same kind of lettering for both a female fashion 
advertisement and a battle poster. 

This does not mean that you must struggle to design new 
letter forms for each job. The basic skeleton alphabet may 
be the same. But much can be done to make your letters 
suitable in different contexts by altering weight of strokes 
and using different tools, writing the letters with a pen for 
one job and drawing them for another. 

One of the most important things to watch in letters to 
be reproduced in publications is the weight or color of the 
lettering in comparison with that of the text or blocks of 
type. Contrast is good, but hand lettering that is lighter in 
weight than adjoining type-set matter must be very distinc- 
tive in character or it may merely look weak by comparison. 
On the other hand, rough, heavy, hand lettering combined 
with a distinctive and delicate type will look as if it were 
not professionally done. 

Remember that hand lettering which is reduced consider- 
ably in reproduction may alter its character completely, 
especially its weight or color. One-third reduction is the 
safest, although one-half may be used. If in doubt concern- 
ing what reduction will do to your lettering, look at it through 
a reducing glass. Type faces are not designed to be reduced. 
A 36-pt. letter in a certain face will not look like the same 
letter in a 10-pt. alphabet of the same type if it is reduced 
to the same size. 

Hand lettering which is to be used on a poster or placard 
must be large enough to be read by someone standing at a 
distance. If you are asked to letter a sign for some par- 
ticular purpose and place, you can make a test with several 
samples to determine which looks best and how large the 
lettering should be. When a poster is to be printed and dis- 
tributed, the problem is not so easy to solve. But remember 
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that it is important that your letters be read, and draw 
them large enough and clear enough so that they will be 
easily read. 

For a discussion of layout and publication typography, 
read chapter 15 in this manual. 

QUIZ 

1. How is the size of a piece of type specified? 

2. How many points are there in a pica and how many picas to an 
inch? 

3. What does the point size of a type face refer to? 

4. Why is text seldom used as a book face today? 

5. How does the so-called modern roman type face Bodoni differ from 
old style roman type faces? 

6. Why are the sans-serif faces usually considered less appropriate 
for books than the roman type faces? 

7. Why is it a good idea to work with the lettering surface at an 
angle of about 60 degrees? 

8. Why should you not hold a lettering pen tightly? 

9. Why should the inside spaces, or counters, of letters to be repro- 
duced be fairly open? 

10. Why is the cross bar or division in many letters slightly above the 
middle of the letter? 

11. What three principles of spacing should be incorporated in an 
alphabet in order to eliminate any singularity in spacing? 

12. What are the three steps in learning to letter an alphabet? 

13. Why are a number of different type faces used at the Hydrographic 
Office? 

14. How is type applied to an original chart? 

15. What does the term letter spacing mean? 

16. What may happen to hand lettering which is reduced considerably 
in reproduction? 
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CHAPTER 



MAPS AND CHARTS 




PLANNING COMES FIRST 

Whether you are assigned to a survey ship, an aircraft car- 
rier, a construction battalion, or some other activity, you 
will be dealing with maps and charts constructed according 
to specifications set up by Government agencies such as the 
Hydrographic Office, the Bureau of Yards and Docks, or the 
Coast and Geodetic Survey. Wherever you work, the work 
that you do will be affected by the materials and equipment 
available. 



If you do the artwork for a chart which must be very 
accurately scaled on a drawing material which is subject to 
gross changes under varying atmospheric conditions, your 
work will be worse than useless. If you prepare artwork 
which is too large to be reproduced on the press plates avail- 
able, you have committed an inexcusable error. It is your 
business not only to know how to draw a chart, but also how 
it will be reproduced and even how it will be used. 

Such considerations as these affect the planning of the 
chart before even a pencil is put to the surface of the paper, 
plastic, or zinc sheet. Although as a Draftsman 2, you will 
not be expected to plan charts, it will pay you to be able to 
detect the more obvious errors in planning, if merely in terms 
of saving yourself wasted time and effort. Also this is the 
time when you learn the basic things to be considered, so that 
later, when it is your job to plan, you will not be guilty of 
gross errors. 
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CONSTRUCTION OF A MAP 



A map is a conventional representation of a part of the 
earth's surface projected onto a plane. Charts are maps 
which originally were designed to show bodies of water, with 
islands and coast lines, for navigational and piloting pur- 
poses. More recently the time honored distinction between 
maps and charts has nearly vanished with the evolution of 
a graphic mongrel called chart-map which depicts both land- 
ward topography and off-shore hydrographic data in great 
detail. It has been incorrectly stated that all maps lie. 
Maps can mislead those who do not understand the inherent 
problems of each map projection and its construction. 

A spheroid, like the earth, is a nondevelopable geometric 
form. That is, it cannot be flattened into a plane without 
both stretching and shrinking, which produces distortion. 
The problem of map projection consists of finding some 
method of transferring the network of meridians and paral- 
lels from the globe to the mapping plane, and then fitting 
the geographical features to this network. The work of 
making maps, therefore, consists of two separate processes : 

1. Making correct maps of smaller areas by surveying or 
photogrammetry. 

2. Fitting together these small maps to a system of lines 
representing meridians and parallels. The system of 
lines is a map projection. 

Geographic Coordinates 

To define accurately positions on the earth's surface, it is 
necessary to accept fixed reference planes and surfaces. The 
surface of mean sea level has been generally adopted as the 
surface of zero altitude. The meridian passing through 
Greenwich, England, near London, is usually taken as the 
prime reference meridian from which longitude is measured 
halfway around the globe, positive to the west and negative 
to the east. The Equator is taken as the reference parallel 
from which latitude is measured to the poles, positive to 
the north and negative to the south. While the algebraic 
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signs of the latitude and the longitude show whether they are 
north or south, east or west, the letters N, S, E, and W are 
usually used, being placed after the figures. 

The United States and most foreign countries use the 
Greenwich meridian as the meridian of zero longitude. 
Some foreign maps, however, are based on some other merid- 
ian as a prime meridian. Some have used the Ferro Islands 
and several the capital of their respective countries — Paris, 
France, for example — as the location of the zero meridian. 

Parallels of latitude and meridians of longitude are meas- 
ured by two systems : 

1. The sexagesimal system, using degrees, minutes, and 
seconds. This is the predominant system and is used 
in the United States, Britain, Netherlands, China, 
Scandinavia, Germany, Italy, and Japan. 

2. The centesimal system, using grads and decimal frac- 
tions of grads. This system is used in France and by 
countries who were influenced by the French. 

The basic relation between grads and degrees is 100 grads 
equal 90 degrees. 



Actually, the earth is not a perfect sphere. Because of the 
earth's rotation and the force of gravity, it is a slightly irreg- 
ular ellipsoid. There are several ellipsoids, but the one gen- 
erally used by the Navy is Clarke's spheroid of 1866. The 
following dimensions of the earth are values used by the 
Coast and Geodetic Survey in its computations. They were 
taken from Special Publication No. 138. 

Equatorial radius 6,378,206.4 meters 

Polar semiaxis 6,356,583.8 meters 

One kilometer 0.621370 statute mile 



Measurements of the Earth 



One foot 



One statute mile 



One meter 



0.000621370 statute mile 
39.37 inches 
3.2808333 feet 
1,609.35 meters 
1.60935 kilometers 
5,280 feet 
0.30480061 meter 
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As of 1 July 1954, the international nautical mile was 
adopted for use by the Defense Department. A nautical mile 
was originally considered to be a minute of latitude, but as 
the elliptical dimensions of the earth were measured more 
exactly, it was discovered that a minute of latitude varied so 
that a nautical mile at the Equator was smaller than a 
nautical mile at the poles. The variation is from 1,842.9 
meters at the Equator to 1,861.7 meters at the pole. Con- 
sequently, a nautical mile came to be considered as equal to 
a minute of latitude, or 1,853.25 meters, at latitude 48° 15'. 
These figures are changed slightly by the new directive. 
Thus, 

1,852 meters 

One international nautical mile \ 1.852 kilometers 

6,076.10333 feet 

Characteristics of Map Projections 

A map projection does not eliminate distortions, which 
are present in all large area maps; it merely controls such 
distortions or limits them to certain portions of the area 
mapped. Map projections are usually constructed from 
mathematical computations, but certain projections have a 
geometric origin. These geometric projections are con- 
structed by projecting, using carefully controlled methods, 
the meridians and parallels of the spherical earth upon one 
of the following forms: cylinder, cone, or plane. The 
cylinder and cone, unlike the sphere, can be developed into 
a plane. 

The ideal projection would produce a map which depicts 
(1) true shapes (conformal, orthomorphic), (2) true areas 
(equal area, homolographic), (3) true distances, and (4) 
true directions. Since there is no ideal projection, and hence 
no perfect map which meets all four requirements, it is essen- 
tial for anyone trying to make map measurements with any 
degree of accuracy to know the limitations and advantages 
of each type of projection in order not to be misled by the 
various kinds of distortion. 
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Typ*s of Map Projections 

Of the many map projections, only four have wide use in 
the Navy. They are: 

1. Mercator, found chiefly on hydrographic and air navi- 
gation charts. 

2. Gnomonic, found chiefly on H. O. Great Circle Sailing 
Charts and Tracking Charts used for radio bearing 
interception operations (directive finding) and air-sea 
rescue operations. 

3. Lambert conformal conic (with two standard paral- 
lels), found on certain series of aeronautical charts. 
Also used to some extent for meteorological plotting 
charts by the aerological unit of the Navy. 

4. Polyconic, found on field survey sheets, and naval 
bombardment and air support charts. 

MERCATOR PROJECTION 

For navigational purposes, the Navy uses the Mercator 
more than any other projection. On the Mercator, merid- 
ians of longitude and parallels of latitude are straight lines 
intersecting at right angles. The distances between merid- 
ians are equal throughout the chart, but distances between 
parallels increase progressively from the Equator toward the 
poles. Since on the globe, the meridians approach each other 
until they meet at the poles, the fact that the distances be- 
tween meridians on the Mercator projection are kept the 
same means that the distances between parallels must be in- 
creased in order to keep the scale in proportion to the scale 
on the earth. Although the scale values vary from point to 
point, the scale at any point on the chart is the same in all 
directions. Thus a chart constructed on a Mercator projec- 
tion has what is called conform alitt. Any map or chart 
upon which the meridians intersect the parallels at right 
angles has the property of conformality, or true shape. 
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The Mercator projection has a number of advantages, 
among which are : 

1. Conformality. 

2. Simplicity of construction. 

3. Convenience in plotting positions from the border divi- 
sions. 

4. The fact that a ship's course can be laid off from any 
meridian or compass rose within its borders. 

Its principal advantage, however, and the one responsible 
for its world-wide use for nautical charts, is that any straight 
line drawn on it in any direction is a rhumb line or loxo- 

DROMIC CURVE. 

The shortest line between two points on the earth is always 
a great circle line, but any great circle line which is not on 
a meridian or the Equator constantly changes direction in 
respect to the poles and crosses successive meridians at dif- 
ferent angles. On the other hand, a rhumb line, while it is 
not the shortest line between two points on the earth, is better 
for purposes of navigation, because it keeps a constant com- 
pass direction, passing each meridian at the same angle. 
Thus, the track of a ship on a constant course, which is a 
rhumb line, is a straight line on the Mercator projection and 
it will pass all features along that line exactly as they are 
charted. 

The greatest disadvantages of the Mercator projection are 
that it makes a comparison of areas very misleading when 
large differences of latitude are involved and that great 
circle routes cannot be plotted conveniently on it without the 
use of an auxiliary gnomonic chart. (See fig. 13-1.) Other 
disadvantages are that the scale is constantly changing with 
the latitude, with the result that a graphic scale cannot be 
used on smaller scale charts. This makes it necessary to 
measure distances along the border divisions for the latitudes 
in which the distance lies, and also for great distances, to 
adjust bearings before plotting. Also on a Mercator projec- 
tion, a great circle line appears to be longer than a rhumb 
line, as shown in figure 13-1. 
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Figure 1 3—1 .—A. Port of a Mercator chart showing a rhumb lino (dotted) and 
a groat circle. B. Part of a gnomonic chart showing a groat circlo and a 
rhumb lino (dotted). 

Mathematics of the Mercator Projection 

The Mercator projection is sometimes classified as a cylin- 
drical projection. Actually, it cannot be developed geomet- 
rically. Its sixteenth century originator, Gerhard Kramer, 
whose Latin surname was Mercator, thought of it purely in 
terms of the mathematics involved. 
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On the earth, as you know, the distance between two merid- 
ians becomes smaller as the meridians approach the poles. A 
degree of latitude and a degree of longitude are approxi- 
mately equal at the Equator but, as we move away from the 
Equator north or south, a degree of longitude becomes shorter 
while a degree of latitude remains the same. In the Mer- 
cator projection, the distance between meridians is kept con- 
stant ; therefore, the value for a degree of longitude, instead 
of that for a degree of latitude, is kept the same. Now, in 
order that the distances represented on the map remain pro- 
portionately the same, the value for a degree of latitude is 
increased in proportion to the distance from the Equator. 

The relationship between the values of the degrees of 
longitude at different parallels can be expressed in a single 
proportion, as shown in figure 13-2. In the figure, a sphere 
representing the earth has a section cut out between two 
meridians. The circumference of the earth at the Equator 
can be expressed as 2/?, with R representing the radius of the 
great circle. Also the circumference of latitude 50° can be 
expressed as 2r, with r representing the radius of the small 
circle. Then, the circumference of the small circle is to the 
circumference of the large circle as 2r or as r. Note that 

27? R 

this fraction is the cosine of the angle at latitude 50 degrees. 

Since this relationship is true for the circumferences of the 
circles, it is true for any portion of them, and therefore true 
for the relationship between degrees of longitude. Since 
meridians are, like the Equator, great circles of the earth, the 
fraction also expresses the relationship between degrees of 
longitude. And similarly, the fraction expresses the rela- 
tionship between the value of a degree of longitude measured 
along any parallel and a degree of latitude measured along 
any meridian. 

As you can see, the R of the fraction remains constant, the 
fixed radius of the earth, but the r varies progressively as 
the parallels approach the poles. On the Mercator projec- 
tion, the lines of the parallels are all the same length, all 
equal to the line of the circumference of the Equator ; thus, 
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From The Round Earth on Flat Paper, by William Chamhvrlin. 

Oourtesp of the National Geographic Society 

Figure 13-2. — The fraction ^ gives the value of units of longitude. 
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the r on this projection has a constant value. Therefore, in 
order to maintain the relationship between /• and R which is 
found on the sphere, the R values must increase progres- 
sively as the parallels approach the poles. This is achieved 

by increasing the space between parallels by cw , or the 

secant, of the latitude. In the Mercator projection, the scale 
along the parallels is sec 6 of the respective parallels, and 
since the scale is constant at a point, the scale along the 
meridian at the point is also equal to the secant of the lati- 
tude of the point. 

GNOMONIC PROJECTION 

In this projection, the eye of the observer is conceived to 
be situated at the center of the terrestrial sphere, from which, 
being in the plane of every great circle, it will see these circles 
projected as straight lines upon a plane tangent at a central 
point. Necessarily then, a straight line between any two 
points on a gnomonic chart represents the great circle track 
line or shortest route on the earth's surface between them. 
(See fig. 13-3.) 

When the plane of projection is tangent to a pole, the 
chart looks like a polar projection, showing meridians as 
straight radiating lines and parallels as concentric circles 
whose radii are equal to the cotangent of the latitude multi- 
plied by the radius of the projecting sphere. When the plane 
is tangent to the Equator, the meridians are parallel straight 
lines and the parallels are hyperbolic curves. When the 
point of tangency is at any other random latitude the 
parallels appear as parabolic curves, eventually becoming 
ellipses in the higher altitudes. 

The gnomonic projection has been used chiefly as an ad- 
junct to the Mercator system to which the route finally 
selected can be transferred by selecting several points from 
the gnomonic track, replotting them on the Mercator chart, 
and connecting them with straight line segments. The great 
circle thus transferred becomes a curved line on the Mercator 
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projection, where it may be resolved into more convenient 
sailing chords. Further, the gnomonic is used extensively 
for D/F plotting, for radio interception operations and for 
air-sea rescue work. 

A gnomonic chart is especially useful in the study of air 
routes and in the ready solution of problems involving the 
definite location of the minimum line between two points on 
the earth's surface. It is extremely useful as an adjunct to 
the Mercator system and serves as a general control and office 
reference map. Equipped with special compass roses and a 
border coordinate system of tabulating D/F radio bearings, 
this type of chart is extremely ugef ul for plotting intercepted 
signals from submarines and aircraft. Course diagrams on 
the chart make it easy to scale distances by difference of 
latitude and difference of longitude methods. Also a device 
is available for use with the gnomonic for determination of 
course and distance by inspection. 

However, the gnomonic projection also has disadvantages. 
Localities near the map boundary become greatly distorted 
in distances, areas, and shapes. The area which can be 
mapped is less than a hemisphere because at 90° from the 
center of the plane of projection, projectors are parallel to 
the plane of projection. 

LAMBERT CONFORMAL CONIC PROJECTION 

The Lambert conformal conic projection is used for charts 
at the higher latitudes. For example, charts of the Canadian 
archipelago are gradually being converted to the Lambert. 
It represents one of the earliest applications of higher 
mathematics to map projections. It is truly a mathematical 
projection although it is often represented geometrically by 
a cone which intersects the sphere along two standard paral- 
lels which should be not more than 20° apart in order to 
maintain a certain accuracy and limit scale error to a mini- 
mum. (See fig. 13-4.) 

By the same standard, the total area mapped should not 
include more than 30° of latitude. The Lambert conformal 
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conic is calculated not only to hold the ratio of equal arc of 
any two chosen parallels but also the exact lengths of both of 
them. Within the two standard parallels the scale is com- 
pressed (made smaller) and outside the standard parallel it 
is expanded. The oblateness of the earth is taken into con- 
sideration in the tables for calculation. From practical con- 
siderations this is not always necessary, and the construction 
becomes fast and simple. 




Figure 13-4. — Lambert cenfermal conic projection. 
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Conformality (true shape) means that any very small 
figure on the earth is represented by a similar small figure on 
the map. For short distances at any place, the scale is the 
same in all directions, and the angle between two curves upon 
the earth is preserved in its representation on the map. 
Therefore, the azimuths of lines on the map are the same as 
those on the earth. Along any given parallel the scale is con- 
stant and is the same in all directions at any given point, but 
it changes from point to point in any direction except along a 
parallel. Therefore the magnification at a point is a func- 
tion of the latitude and is independent of the longitude. 
When scale error is computed for any parallel, it holds con- 
stant throughout that parallel. 

The graticule, or projection grid, shows the meridians ap- 
pearing as straight lines converging toward the pole while 
parallels are concentric circles that intersect the meridians 
at right angles. 

The advantages of the Lambert conformal conic projec- 
tion are that : 

1. For practical purposes there is only one scale for the 
entire map. 

2. All directions within standard parallels are approxi- 
mately true. 

3. Great circles are very nearly straight lines. 

4. When applied to large areas of E-W extension or to 
smaller sections within such an extension, it is remark- 
ably accurate. 

5. It is an excellent projection for aeronautical charts. 
The disadvantages of the projection are that : 

1. When used over wide areas of latitude, it develops seri- 
ous defects toward the north and south boundaries. 

2. Plotting of courses is made somewhat difficult because 
rhumb lines appear as slight curves. Over long dis- 
tances great circles are also curved lines* 

POLYCONIC PROJECTION 

Some original hydrographic surveys are plotted on large 
scale polyconic projections. In the polyconic projection, 
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the earth is considered to be a stack of innumerable thin 
horizontal cone slices. That is, every parallel of latitude is 
represented on the map by the developed circumference of 
the base of a right cone tangent to the earth at that parallel. 
It is apparent that as the parallels approach the Equator, 
the shape of the cone approaches that of a cylinder and the 
Equator appears on the projection as a straight line per- 
pendicular to the central meridian. The other meridians 
are concave curves on either side of the central meridian, 
converging as they go from the Equator toward the poles. 
The parallels are spaced on the central meridian true to scale 
and are drawn through these points with proper radii as 
nonconcentric circles. Actually, the process of development 
is to open out each parallel of latitude by itself so that the 
final plot shows the parallels diverging as they depart from 
the central meridian of the map. 
The advantages of the polyconic projection are : 

1. It is a good projection for areas of wide latitude and 
narrow longitude. Within 560 miles on either side of 
the central meridian, the error in scale and area does 
not exceed 1 percent. 

2. E-W direction is fairly accurate. 

3. There is universal scale (except near E-W boundaries) . 

4. Calculated general tables and mechanical ease of con- 
struction make for great popularity. 

The disadvantages are : 

1. Distortion of distance, areas, shapes, and directions in- 
crease with longitudinal extension of the map. 

2. Course lines are incorrect for all but short distances. 

3. Compromises between various conditions, such as con- 
formality and equal area, both of which cannot be rep- 
resented on the same chart, makes it impossible for a 
neat junction to be formed between adjoining sheets 
prepared as polyconic projections. 

Most original hydrographic surveys are plotted on large 
scale polyconic projections. The polyconic system was se- 
lected by CinCPac-CinCPoa for use on amphibious maps, 
naval bombardment charts, and air support charts during 
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World War II. All of these graphics carried the World 
Polyconic Grid so that the grid or target area references 
could be understood by soldiers, sailors, and airmen alike 
on whatever map or chart they happened to consult (other 
than basic H. O. charts). 

Figure 13-5 indicates the development of the polyconic 
projection. Actually, the number of cones is very large, 
approaching infinity. 

BORDERS AND SCALES 

The border of a chart consists of either a neatline or a 
border scale defining the limits of the area charted. Out- 
side the neatline, and separated by a space in which the pro- 
jection figures are placed, are 2 parallel lines, 1 fine and 1 
heavy, drawn close together. 

On Hydrographic Office nautical charts, there are two 
types of borders — plan borders and scale borders. The type 
of border used depends on the natural scale of the chart and 
is selected according to the rules given in the pamphlet Naur 
ticdl Chart Borders and Scales, H. O. Misc. 11,131. In gen- 
eral, plan borders are used for plans and plan charts with 
natural scales of 1 : 49,999 or larger. Scale borders are used 
where the natural scale is 1 : 50,000 or smaller. In excep- 
tional cases, plan borders may be used on charts which are 
smaller than 1 : 49,999, which are intended for approach or 
plan charts. 

The dimensions of both plan and scale borders are given 
in figure 13-6. The table indicates the distances in centi- 
meters. The first column in the table gives the number by 
which the border is designated. This number is arrived at 
for any chart by multiplying the inner neat line dimensions 
in inches, the length of the chart by the width. The nearest 
number to this sum in the table is the number of the border to 
be used for this chart. For groups of plans, use two-thirds 
of the sum of the length and width of the chart in inches, 
after the plans have been grouped. No. 65 will be the largest 
border to be used and No. 40, with a few exceptions, will be 
the smallest. 
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The letters a, b, c, d, e, f, and g heading the columns are 
used as keys to the dimensions designated in the drawings of 
the borders. For example, a No. 65 scale border will have a 
total width of 1.280 cm., which is designated as f in the 
table and indicated as f on the drawing. Inset plans should 
be placed at a distance of c, or .529 cm. in No. 40, from the 
neat line of the main chart. 

The placement of degree figures is determined by the size 
of the chart, which also determines the lettering of minutes 
and seconds and the subdivision of minutes on plan charts, 
and the division of the border and lettering of minutes on 
scale charts. 

Graphic scales are added only where a plan border is used, 
and the type of scale is determined according to the natural 
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Figure 1 3-6. — Dimensions of scol« ond plon borders. 
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scale of the chart. The number of miles, yards, or meters 
shown are determined with consideration for the amount of 
space available and the over-all size of the plan or chart. 
Nautical mile, yard, and meter scales will be placed on all 
nautical charts and plans with plan borders, except that 
where 1 nautical mile equals 6 inches (15.24 cm.) or more or 
where the space for scales is limited on small plans, the nau- 
tical mile is omitted. 

At the Hydrographic Office, the scale border for a chart is 
usually inked directly by using the Border Scale Subdivid- 
ing Device. If this device is not available, it is best to draw 
the border carefully in pencil, with the aid of dividers, before 
inking it. 

The outer black lines of both the scale and plan borders are 
drawn with a ruling pen. First, the outer limits, or bound- 
ary, of the line is drawn, and then the setting of the pen is 
widened and interior lines are drawn successively until the 
proper width is achieved. 

Constructing Plotting and Conversion Scales 

The plotting scale shown in figure 13-7 contains 2 full 
1,000-foot units and 1 subdivided 1,000-foot unit at a natural 
scale of 1 : 5,000. First the exact length of the line AE was 
calculated, thus, 

A „ 3,000 x 12 H ft . , 
AE= g AAA — =7.2 inches. 
0,000 

The 3,000 is the number of foot units; 12 the number of 
inches in a foot ; and 5,000 the number of feet on the scale to 
be represented by 1 foot. 

Then this line AE is drawn, and 10 lines the same length 
are drawn parallel to it, each 0.2 inch from the next. To 
divide the line AE into the 3 equal parts, each representing 
1,000 feet, draw a line similar to AB. Lay off any con- 
venient length three times on this line. Connect the last 
point with E by drawing a fine line, and parallel to this, 
draw 2 more fine lines, cutting the line AE, from the other 
2 points on AB. Now from the points thus obtained on AE 
and from point A and point Z?, draw perpendiculars con- 
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necting the 10 parallel lines previously drawn. Label the 
lower ends of these lines 1,000, 0, 1,000, and 2,000. 

Divide CO into the 10 equal parts, using the same method 
by which AE was divided into S equal parts. Extend the 
divisions for CO to the corresponding parts of the line AO'. 
Connect diagonally each division point on AO' with the pre- 
ceding division point on CO as shown in figure 13-7. The 
finished inked scale should show only the solid lines and 
numerals indicated in the figure. 




tut Km 



Figure 1 3—7. — Constructing a plotting teal*. 

To construct a plotting scale 1 : 40,000 to read to 10,000 
yards, first draw the parallel horizontal lines, as shown in 
figure 13-8. Since the scale is to read a maximum of 10,000 
yards, the length of the lines will be : 

1 0,000 x 36 

40,000 y,U mcneS * 

Divide lengths of the lines into ten 1,000 yard parts by the 
vertical lines as shown. Then subdivide the left rectangle 
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at top and bottom into 10 equal parts and connect the divi- 
sions with parallel diagonal lines as shown. Finally draw 
the numerals on the scale. 

The plotting scale is used like the meter bar. Note that 
the slanted lines on the portion of the scale falling to the left 
of the line 0 intersect the horizontal division lines on the face 
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Figure 1 3-8. — Plotting scale 1:40,000 to read to 10,000 yards. 



of the scale. On the line from 0 to 1,000, each of these lines 
marks a 100 division point. For example, reading from 0 to 
the first division to the left, you get 100. If you follow this 
line up to its intersection with the first horizontal line, you 
get 110. The intersection with the second horizontal line 
marks the 120 mark, and so forth. The other lines provide 
the same method for dividing the unit of measurement into 
tens. For example to find 600, count to the left 6 divisions 
from 0 and then up to the 6th intersection on the slanted line 
marking that division. On the meter bar, of course, the unit 
of measure is in meters rather than in feet. 

Figure 13-9 illustrates conversion scales at a natural scale 
of 1 : 20,000 showing relative values for miles, yards, feet, 
meters, and kilometers to read 6,000 yards. To construct 
these scales, first calculate the length of 6,000 yards at a 
scale of 1 : 20,000, thus, 

6,000X36 1AQ . . 
—— = 10.8 inches. 

Lay off the 10.8 inches on the scale which is to represent 
the measurements in yards. Divide this distance with six 
1,000-yard parte and then divide each 1,000-yard part into 
ten 100-yard parts. Now, using this yard scale, divide the 
line representing measurements in feet into eighteen 1,000- 
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foot divisions and then divide each of these into ten 100-foot 
parts. 

On the mile scale, mark opposite 1,760 yards the first mile, 
and then make two more marks for the second and third 
mile as shown in the figure. Divide each mile into 4 parts 
and label the y 2j and % points in the first mile. On the 
meter scale, next to the foot scale, mark every 1,000-meter 
mark, the first opposite 3,280 feet and the others at multiples 
of this figure. Divide each 1,000 meter into ten 100-meter 
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Figure 1 3—9.— Conversion scales. 

units. On the kilometer scale mark every kilometer opposite 
each 1,000-meter mark of the meter scale, and subdivide each 
kilometer into 1/4, y 2 , and % parts by utilizing the 250, 500, 
and 750 meter marks on the meter scale. Add all lettering, 
numerals, and marginal data. Ink the sheet and erase pen- 
cil lines and smudges with art gum, 

STEPS IN MAKING A CHART 

There are a number of methods for constructing a chart. 
As listed in Modem Cartography, published by the United 
Nations in 1949, those normally used are : 

1. Copper engraving; 

2. Glass engraving; 

3. The Duco method ; 

4. The plastic method. 

In the copper engraving method, the work is done either 
entirely by hand, or by a combination of mechanical and 
hand engraving. The outstanding instrument for mechani- 
cal engraving on copper is the pantograver developed by the 
U. S. Navy Hydrographic Office. In the glass engraving 
process, both the mechanical and hand engraving procedures 
are utilized. The system used by the U. S. Coast and Geo- 
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detic Survey is described in its pamphlet Glass Negative 
Engraving by Mr. D. P. Barnette, published in 1948. 

Glass engraving is also used by the U. S. Lake Survey in 
combination with the pantograver which has been modified 
for that purpose. Both methods are very effective and 
produce a sharp original. 

At the Hydrographic Office either the duco or the plastic 
method may be used. Usually a compilation mosaic is made 
first, either from original surveys or from existing foreign 
charts. Figure 13-10 shows a portion of such a mosaic. 

The topographic material for the east and west end of the 
island was obtained after the mosaic was completed which 
accounts for the void in the mosaic. At the Hydrographic 
Office, all originals of nautical charts are done at 1 to 1 scale. 
That is, charts are reproduced at the same size at which 
they are executed. On the other hand, development plans 
or plates prepared for the Bureau of Yards and Docks or 
cartographic work done for other bureaus may be enlarged 
or reduced to fit a standard format. 

Work is done on both sides of a compilation mosaic. First, 
a true Mercator projection is computed and drafted in pencil 
at the scale of the finished chart on the front (F) side of the 
transparent plastic. These projection lines are used for 
plotting horizontal control and for orienting the film posi- 
tives of the source material. The projection lines are then 
drawn and the horizontal control plotted and numbered in 
blue ink on the back of the sheet. 

On the front of the sheet, the limits of the Mercator pro- 
jection, or the rectangle, and degree and minute figures are 
drawn in black ink. Three thin coats of a liquid adhesive 
are then applied by a spray gun. The adhesive now used re- 
quires 30 minutes of drying time, but will remain tacky for 
a long time thereafter. A thin piece of acetate or cellophane 
may be placed in contact with the adhesive to protect the 
front from dirt, and later removed, and the film positives 
applied without the adhesive having lost any of its tenacity. 
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Distortion in the source material is reduced to a minimum 
by cutting the film into small pieces. 

When the mosaic is completed, deletions and corrections 
are made, additional information is added, and the broken 
lines are joined. Then a contact film is made of the mosaic. 
At this point, the mosaic includes everything that will be 
shown on the final lithographic print, except such material 
as magnetic variations and compasses. 

For the chart shown in figure 13-11, four specification 
sheets were made as blueline prints. One of these was 
marked up and served as a general layout sheet indicating 
the essential topographic and cultural features, all necessary 
measurements in centimeters, the placement of the titles and 
all necessary notes, the type of scale border, and the position 
of drawn projection lines; the hydrography — sounding 
figures and fathom curves — was indicated on the second 
sheet ; the essential names and size of type faces on the third ; 
and the fourth was used to indicate the decisions of the Board 
of Geographic Names for spelling. 

The drafting medium on which the negative is printed in 
blue lines is usually an opaque plastic. Before plastics were 
available, Duco was generally used. Duco is a grained zinc 
lithographic printing plate which has been sprayed with 
enamel paint, producing a matte surface. A laminated 
paper may also be used. Whichever medium is used, the 
draftsman inks with black ink the material to appear on the 
final chart. When the inking is completed, this chart origi- 
nal is stored with a duplicate of it which is made photo- 
graphically. 

The chart original serves as the base black and contains all 
the topographic and hydrographic information plus the type. 
Figure 13-12 reproduces both unfinished and finished stages 
of the drawn original of the same chart shown in figure 
13-11. The unfinished lines would be blue and the type 
would be stickup on the actual chart. 

The chart original is ultimately photographed on a glass 
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wet plate negative, and from this negative, the following 
prints are made : 

1. A blue-line opaque plastic on which the draftsman 
draws the light circles and the compasses and which will 
serve as the original for the magenta plate. (See fig. 
13-13.) 

2. A print in black on photographic paper for editing, 

3. A print on photographic paper to be marked as a color 
guide for the land and blue area, which is used by the 
lithographic draftsman in making color plates. 

TOPOGRAPHY AND HYDROGRAPHY 

In the production of modern charts, the data concerning 
topographic and hydrographic features may be obtained 
from several sources. The most accurate details are obtained 
from topographic and hydrographic surveys, made by such 
methods as those described in chapter 12. The data from 
a number of surveys may be correlated with material from 
old charts, and supplemented by aerial photographs. 

Aerial photography reading is a specialty in itself. The 
Army has published several manuals on the interpretation of 
aerial photographs and many of the chapters in TM 5-230, 
Topographic Drafting, published by the War Department 
in 1940, are concerned with methods of using aerial photo- 
graphs in making maps, as well as photographic mosaics. 
The Hydrographic Office has published a Manual of Coastal 
Delineation From Aerial Photographs, H. O. Pub. No. 592. 
This publication is chiefly concerned with the types of coast 
line, how they evolve, and what navigational hazards may 
be expected with each type. One section of the manual con- 
sists of stereo pairs of vertical photography of various coastal 
features, with examples of delineation of these features on 
the photographs. 

Plotting 

The first step in plotting a chart consists of plotting the 
control. There are two general classifications of control 
insofar as a hydrographic survey is concerned. The control 
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stations must be plotted with the utmost care and accuracy, 
since inaccuracies in their positions may result in errors in 
the positions of the soundings, the errors increasing with the 
distance from the control stations. Stations whose geo- 
graphic positions are known should be plotted with an ac- 
curacy that will ensure no plot table error at the scale of the 
chart. 

The Hydrographic Manual, Special Publication No. 143 
of the Coast and Geodetic Survey, includes a section on the 
different types of shore and floating control and methods of 
plotting them on the smooth sheet, which is the final record 
of a survey sent to the Washington office. The Interim 
Photographic Interpretation Handbook, NavAer 10-35-500, 
contains valuable material on annotating and correcting 
charts from photographs. Especially on aircraft carriers, 
a draftsman will be expected to work from photographs of 
an area to make overlays and annotations which bring an 
existing chart up to date. The importance of this work can 
scarcely be overemphasized, since the success of an air strike 
may depend on the skill of the draftsman. 

The topographic detail may be transferred to the chart by 
a number of methods, depending on where the work is being 
done and the degree of finish and accuracy required. Along 
with the control, the detail may be reduced to the desired 
scale and transferred photographically, or it may be trans- 
ferred by the use of tracing paper, a projector, a pantograph, 
the method of squares, or the radial line method. The last 
is the least desirable in that it is of value where only an 
approximate accuracy is required. 

Symbols 

On small scale charts, few symbols are shown, but on large 
scale charts used for piloting ships into harbors or for land- 
ing operations, the use of symbols to indicate hazards is 
of great importance. The basic symbols used by the Hydro- 
graphic Office, the Coast and Geodetic Survey, and the Lake 
Survey are given in Nautical Chart Symbols and Abbrevia- 
tions, No. 1, published by the U. S. Coast and Geodetic Sur- 
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vey. Other symbols may be found in the AMS Technical 
Manual No, 23, Symbols for Large Scale Maps, published 
by the Army Map Service and in FM 21-31, Topographic 
Symbols. Special military symbols have been published by 
the Army in FM 21-30, AFM 55-3, Military Symbols. 

At the Hydrographic Office most of the common symbols 
are available printed on thin plastic sheets backed with an 
adhesive. These may be applied to the chart in the same 
manner as lettering, saving considerable effort on the part 
of the draftsman. 

Soundings and Fathom Curves 

A sounding is a measurement of the depth of water which 
is expressed in feet or fathoms and reduced to the tidal datum 
shown in the chart title. On small scale charts, the sound- 
ings are shown in fathoms, while on large scale charts and 
plans of rivers and harbors, they are generally shown in feet. 
However, when river banks, reefs, and rocks are uncovered 
by tidal fluctuations their height above the chart datum is 
always shown in feet with the figure underlined. Soundings 
are represented on the chart by vertical hairline figures cen- 
tered both vertically and horizontally over the position of 
the sounding. The sounding usually consists of two figures 
and thus the position may be assumed to be at the center of 
the space separating them, regardless of w 7 hether one of the 
figures is 1 or a wider digit such as 6. The position of a 
three-figure sounding is at the center of the middle digit. 
(See fig. 13-14.) 

Before the development of the modern echo-sounding de- 
vices, sounding apparatus often failed to reach bottom. In 
that case, a no-bottom sounding was recorded in this man- 
ner : . This particular figure on a chart would mean 
200 

that the depth was at least 200 feet or fathoms, depending 
on the unit of measurement being used. You may find a 
sounding recorded in such a manner on old charts. 

The selection of soundings for chart construction requires 
a careful study of available data in order that all known dan* 
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gers to navigation may be clearly developed and their least 
depths plotted. The spacing of soundings is variable, de- 
pending on the depth of water and character of reefs, shoals, 
and banks. In general, the soundings are more closely spaced 
inshore and around dangers, gradually increasing the spac- 
ing as the water deepens offshore. The selection of only 
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Figure 1 3-1 4. — Specimen soundings in the various gagos. 

the least depths should be avoided, since representative sound- 
ings are desired in order to furnish the navigator with a 
true picture of the bottom variations. 

Bottom characteristics are added beneath soundings to 100 
fathoms and abbreviated in accordance with the Hydro- 
graphic Office standards. They serve a very useful purpose 
for a navigator by enabling him to judge the holding ability 
of the ship's anchors, as well as his course of action if he runs 
aground. 

Outer soundings of equal depth are joined by fathom 
curves similar to land contour lines and serve to emphasize 
channel areas and obstructions of navigation. Great care 
must be exercised in plotting these curves, as their omission 
in critical areas may have serious results, especially if this 
causes certain rocks or shoals to fail to be emphasized. Those 
curves usually selected for plotting are the 1, 3, 6, 10, 20, 30, 
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50, 100, and 1,000 fathom curves. The change to a 6-fathom 
curve in place of the 5- fathom has occurred because ships are 
larger and draw more water. 

Contour lines beneath the surface of the sea are called 
bathymetric curves. They are like fathom lines except that 
they are drawn at even contour intervals. Special purpose 
charts for planning purposes and positioning where it is not 
possible to get an electronic fix are prepared with these lines. 
They are drawn as contour lines are drawn on land maps and 
are usually shown in blue. Bathymetric form lines are solid 
lines drawn on a chart to outline various depth layers in a 
general w r ay. Where the locations for these form lines are 
known, they are drawn in solid lines, otherwise they must be 
interpolated and shown by dashed lines. 



Land forms and prominent peaks are often used by the 
navigator as an aid to navigation, both visually and with 
radar. Therefore on hydrographic charts, as well as on 
aeronautical charts and land maps, the elevations and relief 
forms of the land are important. The elevations are given 
in relation to a datum plane. On H. O. Charts, the datum 
is included in the legend which accompanies the title of the 
chart. The elevation of all mountain peaks shown on a chart 
may be given in feet above some mean, generally high water 
or mean sea level (MSL). 

Since survey data from some areas is scarce or nonexistant, 
it is not uncommon for land areas to appear blank on the 
compilation for nautical charts. When relief is included on 
the unsurveyed areas of such a chart, several methods may be 
used to give a fairly accurate impression of the land forms. 
Each method is generally used alone but occasionally two of 
the methods are combined. The method or methods selected 
must show three things: (1) the terrain characteristics 
(shape and size of the hills, ridges, valleys, etc.) ; (2) the 
steepness of slope; and (8) the height of the prominent 
features. 

Hachures were the first form of relief in which an attempt 
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Elevation and Relief 




was made to show the true location and shape of individual 
land forms, as well as to employ a three-dimensional effect. 
The maps were engraved in great detail from source mate- 
rial such as sketches, drainage, spot elevations, and land 
descriptions. Although the art is too costly and time con- 
suming for modern reproduction methods, the maps incor- 
porating it are invaluable as source material and, in many 
cases, the hachuring on them is reproduced on modern charts. 

As finally developed or drawn, the relief consists of short 
shade lines running directly down the slopes of the hills. 
The slope of the hill is indicated by the thickness and spacing 
of the individual hachure lines. A steep slope is indicated 
by heavily inked lines close together. Light shaded portions 
are gentle slopes. Level areas are left without shading. 
Hachuring is very common on European maps, although it is 
not used on modern maps, except reprints, having been super- 
seded by other methods. Figure 13-15A shows a section 
of a British Admiralty Chart with the relief shown by 
hachuring. 

The chief disadvantages of hachuring, from the point of 
view of the draftsman, are the skill and time it requires. The 
width of the lines and the consistency of the pattern are ex- 
tremely difficult to maintain, and there are few draftsmen 
with sufficient skill to do hachuring rapidly. 

The method of contour lines has the advantage of being 
the most accurate means of depicting relief because each 
point on a line represents points of equal elevation on the 
earth. All photogrammetric plotting devices which depict 
elevation forms delineate contour lines or approximate 
contours. 

Generally, every fifth contour line, called an index line, 
is numbered according to its elevation, usually above sea 
level, and this line is always heavier. The elevation of a 
contour must always be divisible by the contour interval. 
The contour interval is the amount of elevation between lines. 
Usually, the contour interval is given on the margin of the 
map. Elevations of hill tops are shown by a dot and the 
figures for the height. 
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B 

Figure 13—15. — A. Section of a British Admiralty Chart with relief shown by 
hachuring. B. As redrawn by the Hydrographic Office with shaded form 
lines. 

The contour-line method has certain disadvantages. 
Without experience or training in reading contour-line maps, 
a man will find it difficult to visualize the shape of the 
ground. Contour lines are a precise representation of re- 
lief, but they do not readily give a visual picture of it. Also, 
contour lines are always drawn as smooth curves, whereas 
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Figure 13-16. — Section of a contour-line map. 



the actual texture of the earth may be quite broken. In other 
words, they are stylized representations of the contours of 
the earth. (See fig. 13-16.) 

Dashed contours are often used to indicate a lesser degree 
of accuracy than regular contours but a greater degree of 
accuracy than form lines. These indicate the elevation of 
the index curves as well as spot elevations. The spot ele- 
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vations are assumed to be accurate and the curve elevations 
are assumed to be approximate. 

Form lines look like contour lines, in that they are drawn 
as smooth curves, but no index or heavy line is given. All 
lines are the same weight, and the elevations of the lines are 
approximated elevations. Often contours of doubtful or 
proven inaccuracies will be shown as form lines, indicating a 
lesser degree of accuracy than contours or approximate con- 
tours. The top elevation is generally shown by a dot and 
figures giving the height, which is accurately determined, but 
numbering of the curves is omitted. This method does not 
lend itself to a good visual picture of the terrain, although 
it is often used with shading so that a pictorial effect is ob- 
tained. The form of relief depiction may vary from near 
contour accuracy to a very sketchy repersentation designed 
to show no more than general shape. 

Hillwork is the name which the Hydrographic Office uses 
for its most common methods of showing line relief. Ac- 
tually, there are two types used, shaded form lines, which 
have a controlled line count, and shading, which is made 
artistic with no line count. Both depict terrain in a pictorial 
fashion, more nearly as it actually looks to the eye or on 
photographs than can be done with contour lines or form 
lines. Although this type of work has an artistic flavor, the 
technique can be mastered by adherence to standard prin- 
ciples of shading plus fairly standard inking techniques, 
provided the principles of contouring and terrain form are 
mastered. 

The representations are very carefully developed from 
compilations of all types of source material and aerial photo- 
graphs. Spot elevations are located accurately. Inter- 
mediate heights are only approximate, but often the shaded 
form lines represent contour values. 

Shaded form lines were developed at the Hydrographic 
Office because they were less costly and time consuming to 
produce than either hachuring or the more accurate contour 
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lines, while at the same time, they give a visual picture of 
the terrain. (See fig. 13-15B.) 

In appearance, shaded form lines differ from contour lines 
in two respects. Whereas contour lines are drawn as lines of 
even weight, shaded form lines are drawn with dark lines on 
the southeast side of each slope, which taper to very faint 
lines on the northwest side and may even be dropped out al- 
together. Also contour lines are drawn with smooth styl- 
ized curves, while shaded form lines are drawn with slightly 
irregular lines. Actually there is a third difference which 
is not immediately discernable. With contour lines, each 
line is treated as a whole, as if the earth were constructed of 
layers. With shaded form lines, each land form is treated as 
a whole instead, and the lines of one land form do not neces- 
sarily join with those of another. This tends to emphasize 
the real form of the land, rather than the layers of elevation. 

Shaded relief gives the best visual picture of the terrain. 
With this method as with shaded form lines, the source of 
light is imagined as being in the northwest, so that the south- 
east slopes are dark as in shadow and the northwest slopes are 
light. In the Northern Hemisphere, the light actually comes 
from the south. But for optical reasons, the mountains ap- 
pear as valleys if the light falls from behind the spectator. 
If you turn figure 13-17 upside down, you will see how this 
works. 

In the past, both shaded form lines and shading had a dis- 
advantage in that most of the detail was lost on the north- 
west or light slopes. However, recently a method has been 
developed at the Hydrographic Office of working on a gray 
surfaced white plastic sheet to produce a color tint shading 
with detail on the light slopes as well as on the dark. The 
dark sides are drawn in with a black hard wax pencil, while 
the gray surface of the sheet is shaded in reverse by use of 
metal scrapers and erasers on the light side. This is much 
the same as a scratchboard technique and permits a greater 
variation of value on that side. 

Shading is printed in color as a halftone and is often com- 
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Figure 1 3—1 7. — Plate for a shaded map. 



bined with contour lines to produce maps that are both visu- 
ally effective and extremely accurate. Tint shading is some- 
times called plastic relief in commercial texts, but the devel- 
opment of a new process of molded relief on plastic sheets 
makes the term plastic relief seem inappropriate to the older 
method. All relief shading is most effective when the dark- 
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est shading is placed on the highest elevations and tapers to 
lighter shades at the lower elevation. 

On first glance, molded relief seems the most effective 
method which has yet been devised of showing the shape of 
the land. A molded relief map is made by building up a 
relief model of the land. A mold is then made of this model, 
and a plastic sheet, previously printed with the map, is 
pressed into the mold. The plastic stretches, and the result 
is a three-dimensional map of the region. 

However, the method has several disadvantages. In addi- 
tion to being expensive, the maps are bulky and take up far 
too much space to be considered practical for shipboard use. 
Also, to remain effective, a vertical exaggeration must be em- 
ployed at the smaller scales. As contours have a horizontal 
measurement, as well as vertical measurement, the vertical 
stretch and exaggeration distort the contours which are 
printed along with all other topographic detail on the sheet 
prior to the molding process. This causes the contours to 
seem to run up the sides of slopes instead of remaining level. 
Because the plotting of bearing lines, etc., is impossible on the 
irregular surface, the main use of the relief model is limited 
to terrain studies. 

Method off Drawing Contour Lines 

Figure 13-18 shows the method by which a draftsman 
draws contours on a map when he is given the drainage net 
and the elevations for certain critical points. Drawing of 
logical contours provides valuable practice in gaining ability 
to visualize ground forms shown by contours on topographic 
maps. The information shown in the top section of figure 
13-18 has been obtained by a field survey or other means. 
This information consists of the courses of the stream lines 
and elevations of selected critical points and forms the frame- 
work upon which the contour map is drawn. 

Note the stream line shown running from elevation 97 
toward elevation 133 in the lower right portion of the figure. 
In the middle section of figure 13-18, elevations 100, 110, 120, 



426 




427 



and 130 are marked on this stream line by interpolations. 
V-marks pointing upstream are used to mark such elevations 
on a stream line. All other stream lines are located in the 
same manner. Contour locations are marked on the ridge 
lines in a similar way, except that straight marks normal to 
the ridge line are used. 

MILITARY GRID 

The length and direction of a line joining 2 points can be 
computed from the geographic coordinates of the 2 points, 
but the computation is long and fairly difficult. In a system 
of rectangular coordinates, however, if the abscissas (x) 
and ordinates (y) of two points are known, the determina- 
tion of the length and direction of the line joining them re- 
quires only the solution of a right triangle. In such a sys- 
tem, the position of a point may be determined if the distance 
of the point from two reference lines intersecting at right 
angles is known. The two distances which locate the point 
are measured parallel to the horizontal and vertical axes and 
are known as the x and y coordinates, respectively. The 
military grid is a true quadrillage applied upon a projection, 
uniform in scale and limited in scope by the requirement that 
it be adaptable to plane trigonometric measurements. 

During World War II, the world polyconic grid system, 
based on the polyconic projection, was used. This was sim- 
ply an extension of the familiar United States military grid 
developed by the Corps of Engineers and the Coast and 
Geodetic Survey in 1918, and it contained the flaws and in- 
herent distortions of the polyconic projection. It has been 
replaced by the universal grid systems, consisting of the 
universal transverse Mercator (UTM) grid, based on the 
transverse Mercator projection, and the l t niversal i*olar 
rter eogra pi i ic (UPS) grid, based on the polar stereographic 
projection. Discussion of these grids, methods of drafting, 
tables for transformation of geographic coordinates to grid 
coordinates, and other reference material are given in TM 
5-241, The Universal Grid System*, published in 1951 by the 
Departments of the Army and the Air Force. 
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Transverse Mercator Projection 

Although the Mercator projection is a mathematical pro- 
jection, it can be thought of as a cylindrical projection. If 
you think of it as a cylindrical projection, you can see how 
the cylinder can be turned so that instead of its being tangent 
with the earth at the Equator, it is tangent on some other 
great circle of the earth. (See fig. 13-19.) 

However, in the transverse Mercator position, the projec- 
tion loses the property of straight meridians and parallels, 
and the loxodrome or rhumb line is no longer a straight line. 
Since the projection is conformal, the representation of the 
rhumb line must intersect the meridians on the map at a con- 
stant angle, but as the meridians become curved lines, the 
rhumb line must also become a curved line. The transverse 
projection, therefore, loses this valuable property of the ordi- 
nary Mercator projection. 

Also, in the transverse Mercator projection, a hemisphere 
appears distorted at the outer edges. The 2 shaded areas, of 
figure 13-20 show the varying distortion of 2 equivalent geo- 
graphic areas on the same projection. The problem of re- 
ducing or eliminating this distortion makes it necessary to 
modify the simple Mercator projection. 




Figure 13—20. — A hemisphere projected on the transverse Mercotor appears 

distorted at the outer edges. 
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Notice that the 0° meridian in figure 13-21 is tangent to 
the enveloping cylinder of the projection, and since the radius 
of the cylinder is equal to the radius of the sphere, there is no 
distortion along this meridian. Therefore, to reduce dis- 
tortion, the transverse Mercator projection uses 60 zones, each 
zone 6° in longitude. For example, a zone centered on 3° 
is bounded by 0° and 6° of longitude and a zone centered on 
9° is bounded by 6° and 12° of longitude, as shown in figure 
13-21. 




Figure 13—21. — In the transverse Mercator projection, the zones extend 6° in 
longitude, 3° on one side of a central meridian and 3° on the other. 
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Figure 13—22. — Scale distortion near the Equator in any 6° zone. 
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Furthermore, for each zone the enveloping cylinder of the 
projection is moved into a secant position. This causes the 
radius of the cylinder to become smaller than the radius of 
the sphere and the cylinder cuts the sphere at two points. 
Thus two approximately north-south lines become exact dis- 
tance lines instead of only one. Figure 13-22 illustrates the 
resulting scale distortion near the Equator in any 6° zone. 

As a result, in measuring ground distance to be plotted on 
map projections, computers must apply scale factors to get 
the representative projection distance. And in converting 
grid distances to actual ground distances for precise control 
of artillery fire, the scale factor may become a quantity to be 
considered. The ordinary map user, however, need not be 
concerned with scale factors in giving or using grid 
references. 

Military Grid Reference System 

The Military grid reference system is designed for use on 
maps showing the universal transverse Mercator and the 
universal polar stereographic grids. 

Between the 80° N and 80° S latitudes, the universal trans- 
verse Mercator grid is used. The whole area is divided into 
quadrillaterals 6° east- west by 8° north-south. (See fig. 
13-23.) The columns, 6° wide, are identified by UTM grid 
zone numbers. Starting at the 180° meridian and proceeding 
eastward, the columns are numbered 1 through 60. The rows, 
8° high, are identified by letters. Starting at 80° south and 
proceeding northward to 80° north, the rows are lettered 
consecutively C through X (with letters I and O omitted). 
The designation, called grid zone designation, of any 6° 
east-west by 8° north-south rectangle is determined by read- 
ing right-up. The column designation, such as 3, is read 
first. The row designation, such as P, is read after the 
number. 

Each 6° by 8° quadrilateral is divided into 100,000 meter 
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squares. ( !olumiia of squares are identified by letters. Rows 
of squares are also identified by letters. (See fig. 13-24.) 
Starting at the 180° meridian and proceeding eastward along 
the Equator for 18°, the 100,000 meter columns (including 
partial columns along grid junctions) are consecutively let- 
tered A through Z (I and O omitted). The partial alphabet 
repeats at 18° intervals. The 100,000 meter rows are lettered 




Figure 13—23. — Globe divided into quadrilaterals. 



A through V (I and () omitted) reading from south to north. 
North of the Equator, lettering of rows starts with A at the 
Equator in the odd numbered VTM zones, and with F at 
the Equator in the even numbered zones, as shown in figure 
18-25. The resultant staggering lengthens the distance be- 
tween 100,000 meter squares of the same lettered identifica- 
tion. South of the Equator, the 100,000 meter letters also 
read from south to north complementing the letters above 
in any one particular zone. The identification of a 100,000 
meter square is determined by reading, right-up, first the 
column letter, as W, and second the row letters, as N. Thus 
the reference 3PWN of figure 13-24 identifies a particular 
100,000 meter square on the UTM grid. 
A grid reference consists of a group of letters and 1111111- 
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Figure 13-24. — Identification of a 100,000 meter square. 

bers which indicate the grid zone designation, the 100,000 
meter square identification, and the rectangular coordinates 
of the point to the desired accuracy. A reference is written 
as a continuous series of numbers and letters without 
spaces, parentheses, dashes, or decimal points. For example, 

(1) 3PWN locates a point within a 100,000 meter square. 

(2) 3PWN55 locates a point within a 10,000 meter square. 

(3) 3PWX5354 locates a point within 1,000 meters. 

(4) 3PWN539544 locates a point within 100 meters. 
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(5) 3PWN53925443 locates a point within 10 meters. 
(«) 3PWN5392454432 locates a point within 1 meter. 

Normally all elements of a grid reference are not used. 
Those omitted depend upon the size of the area of activities 
and upon interval of the grid lines. 

In polar areas, the universal polar stereographic grid is 
used. The polar areas are divided into two parts by the 




Figure 13-25. — North polar identification of 100,000 meter squares. 



180° and 0° meridians. The west half of the north polar 
area is identified as grid zone Y and the east half as Z. 
(See fig. 13-25.) The west half of the south polar area is 
identified as A and the east half as B. (See fig. 13-26.) 

In the half of the north polar area identified by the grid 
zone designation Y, the 100,1)00 meter columns at right angles 
to the 90° meridian are labeled J through Z consecutively 
from left to right. In the half identified by the grid zone 
designation Z, the 100,000 meter columns are labeled A 
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through B consecutively from left to right. In 1 m >t h ca 
the letters I and () are omitted. To avoid duplicating the 
100,000 meter squares in adjoining I TM cones, the letters 
D, E, M, N\ V, and W are also omitted. Starting sit the HO 
parallel and reading toward grid north, the 100,000 meter 
rows at right angles to the 180° — 0° meridians are con- 




Figure 13—26. — South polar identification of 100,000 meter squares. 



secutively labeled A through Z (I and O omitted). The 
north polar identification of a 100,000 meter square con- 
sists of two letters. It is determined by reading, right -np, 
first its column letter, second its row letter. For example, 
the pairs of letters AM, AN, ZM, and ZN identify the four 
100,000 meter squares adjacent to one another at the North 
Pole. In the south polar area, the identification of the 
100,000 meter squares follows a plan similar to that used in 
the north polar area, as illustrated in figure 13-26, 



437 



QUIZ 

L What surface on the earth has been generally adopted as the ref- 
erence plane for zero altitude? 

2. What meridian Is usually taken as the prime meridian? 

3. What parallel is used as the reference parallel? 

4. What are the units of measurement used in the sexagesimal system 
of measuring parallels of latitude and meridians of longitude? 

5. What is the ellipsoid whose measurements are generally used by 
the Navy for the measurements of the earth? 

6. What international measurement was adopted in July 1954 for 
use by the Defense Department? 

7. What are the four map projections which have wide use in the 
Navy? 

8. Name five advantages of the Mercator projection. 

9. Since the distance between meridians is kept constant on the 
Mercator projection, what must be done with the distances between 
parallels in order that the distances on a map remain propor- 
tionately the same? 

10. What does a straight line between any two points on a gnomonic 
chart represent? 

11. Name four advantages of the Lambert conformal conic projec- 
tion. 

12. In the polyconic projection, how is the earth considered? 

13. What are four advantages of the polyconic projection? 

14. What are the two types of borders used on H. O. nautical charts? 

15. In general, when are plan borders used? 

16. What does reproducing a chart at 1 to 1 scale mean? 

17. What is a sounding on a chart? 

18. What fathom curves are usually selected for plotting? 

19. How do bathymetric curves differ from fathom curves? 

20. From the point of view of the draftsman, what are the disadvan- 
tages of the hachure method of showing relief? 

21. Why is the method of contour lines the most accurate means of 
depicting relief? 

22. Describe an index line. 

23. Name two disadvantages of the contour-line method. 

24. On what two map projections are the universal grid systems 
based? 
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CHAPTER 



LITHOGRAPHIC DRAFTING 

PRINTING METHODS 

Charts may be duplicated by either photography or print- 
ing. Printing is generally used because by its use large 
quantities of single- or multi-colored charts can be turned 
out at comparatively high speeds. Any of several printing 
methods may be used. 

Some of the earliest charts were reproduced from en- 
graved or etched-out copper plates. The image was en- 
graved or etched into the surface of a smooth copper plate 
and the etched-out areas were filled with ink. The operator 
then wiped clean the surface of the plate, leaving the ink in 
the sunken areas only. After this, lie placed a sheet of paper 
over the plate and applied pressure. The paper absorbed 
the ink from the sunken areas to produce the image. This 
process is known as intaglio printing. It is used today for 
printing postage stamps and paper money. In the Hydro- 
graphic Office, existing copper plates are still used to pro- 
vide proofs or master copies for other methods of printing. 

The exact opposite of the intaglio process is letterpress 
printing. This process involves the use of raised letters 
and lines. These raised areas are inked and pressed against 
a piece of paper to make the impression. Since the low 
areas are not inked in the process, they do not print, but 
show up as white space on the paper. 

There is still a third type of printing, known as lithog- 
raphy. It is the process that is generally used for printing 
charts. It is chosen because of its economy, versatility, and 
simplicity. In this process, the printing areas are neither 
raised nor etched out. Instead, these areas are the same 
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height as the blank, nonprinting areas around them. How- 
ever, the nonprinting areas are chemically treated so that 
they will receive water and repel ink. The printing areas, 
on the other hand, are covered with a greasy surface which 
will take the ink, but not the water. Therefore, only the 
image areas ink up and print. 

In the beginning, lithographic prints were pulled di- 
rectly from drawings made on a slab of limestone, but 
today thin zinc or aluminum plates have replaced the lime- 
stone, and the printing is no longer done directly from the 
image. Instead, the inked image on the plate is first printed 
on a rubber blanket. The blanket, in turn, yields or "off- 
sets" the image to the paper. As a result, the process has 
come to be known as offset lithography or offset printing. 
This is the process with which you are concerned as a 
lithographic draftsman. 

HOW CHARTS ARE MADE 

The first step in reproducing a chart is the gathering or 
compiling of the information that is to go in it. Various 
charts and topographic maps are used for this purpose, as 
well as documents, sailing directions, and reports of hydro- 
graphic surveys. Once this information has been compiled, 
it is turned over to the topographic draftsman who works 
it up into an original black-and-white outline drawing. 

The original drawing is then photographed with a special 
copying camera, known as a process camera. The camera- 
man may use film in the camera, if the job is u rush and if 
a fine degree of accuracy is not required. However, film 
has a tendency to stretch or shrink with changes in tem- 
perature and humidity. When very accurate work is neces- 
sary, sensitized glass plates are better for chart purposes, 
because glass is comparatively stable. 

Glass plates fall into two categories, dry plates and wet 
plates. A dry plate is similar to film. It is simply a piece 
of glass coated with a light-sensitive emulsion. These plates 
are coated by the manufacturer and come in packages ready 
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for use. Wet plates are more involved. When the camera- 
man is using a wet plate, he must coat the glass himself, 
and he must then make the exposure while the glass is still 
wet. Although wet plates are more difficult to handle, they 
reproduce fine detail better than dry plates or film. They 
are also easier to correct. Only limited corrections may be 
made on film. 

In the camera room, the cameraman mounts the original 
drawing on a copy board in front of the camera. He then 
opens the lens shutter, turns on the lights, and focuses the 
image on a sheet of ground glass at the back of the camera. 
By moving the copy board and the front of the camera in or 
out, he can regulate the size of the image on the ground glass. 
That is, he can enlarge it, reduce it, or make it the same size 
as the original drawing. To produce an image of the exact 
size required, he often uses a strip of paper on which has 
been marked tw T o lines indicating the distance between two 
predetermined points on the original. When the lines on 
the measuring strip coincide with the selected points on the 
image on the ground glass, and the image is sharp, the de- 
sired size has been obtained. (See fig. 14-1.) 

He then closes the shutter of the camera, coats the plate 
with the proper chemicals, removes the ground glass, and 
slips the wet plate in its place. Next, he opens the shutter 
again and turns on the lights to make the exposure. After 
the required time, he closes the shutter and turns off the 
lights to bring the exposure to an end. 

During the exposure, the light is reflected from the copy 
through the lens and onto the sensitized plate at the back 
of the camera. The sensitive coating on the plate is affected 
in proportion to the amount of light striking it. When the 
plate is removed from the camera and developed and fixed 
in proper chemicals, the areas that were struck by strong 
light reflections turn black, and the other areas dissolve, 
leaving transparent, open areas on the glass. 

The developed plate is called a negative, because the light 
has registered on it in reverse. The plate is now black where 
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CLEANING THE PLATE COATING THE PLATE 




PRINTING THE PLATE INKING THE PLATE 




DEVELOPING THE PLATE PUTTING THE PLATE ON THE PRESS 




RUNNING THE JOB FINISHING OPERATIONS 



Figure 1 4—1 B. — Steps involved in the lithographic printing process — 

Continued. 
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the original copy was white and transparent in areas where 
black lettering or lines appeared on the original copy. A 
positive print can be made by exposing sensitized photo- 
graphic papers to the light through this negative. Positive 
photographic prints are used for checking purposes and as 
color guides. 

Retouching the Negative 

The negative is generally retouched before it is used for 
making photoprints. Retouching must be done to remove 
imperfections, such as transparent pinhole spots, in the dark 
areas. These imperfections may have been caused by 
smudges on the original art, dust on the plate or lens, or by 
chemical action in the development process. They must be 
painted out with a brush dipped in a mixture of lampblack, 
asphaltum, and turpentine. (See fig. 14-2.) 

The transparent areas of the negative also need some at- 
tention. Filled-in or weak places in lines, letters, and sym- 
bols must be recut with a lithographic needle. New data 
may also be hand-lettered on the negative at this time. This 
recutting process is known as negative cutting or engraving, 
and it demands considerable experience and skill. 

After the negative has been retouched, paper photoprints 
are made and sent to the proper section for analysis. If 
revisions or corrections are required, they are made by hand 
on the negative before the lithographic zinc plate is printed 
from the negative. 

Making the Zinc Plate 

After all corrections have been completed, the negative 
may then be printed on the zinc plate. The zinc plate is 
simply a thin sheet of metal which has been grained, or 
roughened by grinding with abrasives, so that it will hold 
moisture. After the plate is grained, it is placed in a whirler, 
a machine which spins it or rotates it in a clockwise direction. 
(See fig. 14-1.) While the plate is spinning in the whirler, 
the platemaker pours a light-sensitive solution consisting of 
egg albumin and ammonium dichromate over it. The whirl- 
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Figure 14—2. — Retouching a film negative. 



ing action causes the coating to spread evenly over the plate 
and also causes it to dry quickly. As the plate begins to 
dry, the coating becomes light-sensitive, like the emulsion on 
photographic paper. It must be handled in subdued light 
from then on. 

The albumin coating is used for the ordinary run of work. 
There is another process which requires a different kind of 
coating. It is known as the deep-etch process. In making 
deep-etch plates, the operator etches the image slightly below 
the surface of the metal, and this, of course, makes corrections 
or changes on the plate difficult. Deep-etch plates have a 
much longer life than albumin plates, but since charts are 
seldom printed in large quantities, the lasting qualities of 
the plate are not so important as the simplicity of the process 
and the way the plate lends itself to corrections. Therefore, 
the deep-etch process is rarely used in the printing of maps 
and charts. 
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A third process, which has just been developed, involves 
the use of a casein coating. This process is so similar to the 
albumin process that it is not discussed in this section. 

When the plate is dry, it is taken from the whirler and 
placed, coated side up, in a vacuum printing frame. The 
negative or negatives may then be positioned over it with the 
emulsion side down. All unused parts of the plate are 
masked off with sheets of goldenrod paper. The air is ex- 
hausted from the vacuum frame so that the plate is pressed 
tightly against the negative. The frame is raised to an up- 
right position before an arc lamp and the exposure is made 
for the correct length of time. 

The printing, or exposure, of the plate is similar to the 
process used in making prints on photographic paper, but 
the development process is rather different. In this case, the 
light passes through the transparent areas of the negative 
and hardens the coating on the plate, while the coating is un- 
affected in areas where it is protected from the light by the 
dark areas of the negative. 

After exposure, the plate is removed from the vacuum 
frame and placed on a table. There, it is covered with lac- 
quer, followed by a thin, uniform coating of developing ink. 
Next, it is placed in a sink and developed in running water. 
After about 60 seconds in the water, the coating dissolves in 
the areas that have not been hardened by the light, and the 
lacquer and ink are carried away in these areas along with 
the albumin coating so that the bare metal of the plate is left 
exposed. The light-hardened areas of the coating do not 
dissolve, and these inked-over areas remain on the plate as 
the image. 

The plate is then etched with a solution which makes the 
open, nonprinting areas insensitive to grease. The plate- 
maker may also strengthen the image by going over it with 
an additional coating of ink. First, he moistens the plate so 
that ink will not adhere to any but the image areas. Then he 
inks it with a hand roller. This strengthening operation is 
known as rolling up the plate. After the plate is rolled up, 
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it is fanned dry. If minor alterations or additions are neces- 
sary when the plate is inspected, they are made directly on 
the plate by the lithographic draftsman. 

Finally, since some developing inks dry quickly, and once 
dry, will no longer take offset printing ink, the platemaker 
washes the developing ink from the image with turpentine 
and then rubs a mixture of asphaltum into the image areas. 
Asphaltum forms a grease base which never dries, and the 
plate may be stored indefinitely. 

When the plates for all the colors on the chart have been 
made, composite color proofs are printed. This is a trial 
printing of a few copies of the chart in its final assembly 
or production form. These lithographic proofs are thor- 
oughly inspected by the cartographic, editing, and litho- 
graphic staffs. Revisions are noted on the proof copies, and 
then any plates which require revisions may be corrected by 
the lithographic draftsman. If it seems more expedient, 
however, either the film negatives or the original art may be 
corrected instead, and in that case, the plate is remade. 

Offset Press 

The plate is now ready for the press. The offset press 
consists of an automatic feeder, a printing unit, and a de- 
livery unit. The printing unit consists of an ink fountain 
and rollers, a water fountain and rollers, and three large 
metal cylinders. The plate is attached to one of these cylin- 
ders, a rubber blanket is attached to another, and the third 
carries the paper through the press, forcing it against the 
rubber blanket to make the printed impression. 

The paper is stacked on a feed table that automatically 
rises as the sheets are fed into the press. When the press is 
turned on, jets of air shoot out of pipes and float the top 
sheets in the paper stack. A set of suction cups, or sucker 
feet, then swing down against the edge of the top sheet and 
pull it to a position where it is caught by two rubber-rimmed 
rollers which force it onto a set of moving conveyor tapes. 
These tapes carry it down the f eedboard to the printing unit. 
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At the end of the feedboard, it reaches a set of guides which 
position, or register it, and stop it momentarily before it is 
carried into the printing unit. A second later, the guides 
rise and a set of curved grippers close on the edge of the 
sheet and pull it around the impression cylinder. 

As the cylinders revolve, the plate passes under the damp- 
ening rollers and then under the inking rollers. The damp- 
ening rollers keep the nonprinting areas of the plate wet so 
that they will not take ink when the plate passes under the 
ink rollers. As a result, only the image is inked. After 
the plate passes under the ink rollers, it contacts the blanket 
cylinder, transferring the inked image to the blanket. The 
blanket, in turn, offsets the image to the paper, which is 
forced against it by the impression cylinder. 

At the end of this printing cycle, the impression cylinder 
grippers release the sheet to another set of grippers which 
carry it to the delivery unit. Here it is deposited on a stack 
of printed sheets. After the run is completed, the plate is 
taken from the press, washed out with turpentine and rubbed 
up with asphaltum. It is then stored for future use. 

FINISHING ORIGINAL ZINC PLATES 

Since many charts are larger than the size of a single 
negative, it is frequently necessary for the cameraman to 
photograph the left side of the chart on one negative and 
the right side on another. The platemaker then prints these 
negatives one at a time on the plate. He prints the left side 
first, masking off the unused portions of the plate on the 
right side with goldenrod paper. He then reverses this proc- 
ess, masking off the left side and printing the right. He uses 
match marks prepared on the original drawing to guide him 
in positioning the negatives so that the two images will be 
aligned when the plate is printed. 

As a rule, it is not a safe policy to butt the two images 
together nor to allow them to overlap, because the contour 
and projection lines may not exactly match. Therefore, the 
platemaker leaves a slight gap between the two images when 
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Figure 14—3. — Joining features on a two-negative plate. 



lie prints the plate. He usually separates or breaks the 
images at the line of least resistance. The break may come 
at a projection line or it may swing down in an arc, so as to 
require the least amount of handwork. The plate is then 
sent to the lithographic draftsman for finishing. He must 
correct the broken areas of the border and scale, broken 
projection lines, and contours. (See fig. 14-3,) 

In completing the broken lines on a two-negative job, you 
will work much the same as a topographic draftsman, except 
that you will use special inks and work on the grained zinc 
plate instead of paper, plastic, or coated zinc. Ruling pens 
are required for projection lines and borders, but broken 
contours and shorelines are replaced freehand with a fine 
pen. 

After you have finished connecting the contour lines, pro- 
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jection lines, and so on, you should take a piece of chalk and 
encircle the areas where you have done the handwork. ( See 
fig. 14-3.) This will call these areas to the attention of the 
men in the transfer room, who must process these areas to 
secure a printing image consistent with the rest of the plate. 

TINT PLATES 

Color adds to the scope of charts. It makes them easier 
to read and renders certain features conspicuous. You can 
more readily distinguish between adjoining areas when they 
are printed in different colors. Color also lends emphasis 
to important features and areas such as dangerous shoals, 
depths of 3 fathoms or less, channels, lights, and beacons. 
Contrasting colors, thus, can be as valuable in clarifying a 
chart as identifying names and descriptive legends. 

But color also involves additional work. To begin with, 
you must have a separate plate for each color to be run. 
Each of these plates must then be run on the press in a 
separate color of ink. This often involves running the job 
through the press 3, 4, or even more times. Besides the black 
plate, hydrographic charts generally require gray, blue, and 
magenta plates, and other colors are sometimes used as well. 

Plates that are to print in gray or blue are generally re- 
ferred to as tint plates. The black plate is generally called 
the base plate. The other plates carry the name of the 
color they represent, as the magenta plate or the green 
plate. 

The draftsman prepares an original black-and-white line 
drawing for the base plate. He could also prepare a sepa- 
rate black-and-white drawing of the area that is to be printed 
in each particular color. Each of these drawings would be 
photographed and the resulting negative used in producing 
a zinc plate. This is the usual method, as a matter of fact, 
for color-separating the line work of a chart, but the orig- 
inals for the tint plates which print the flat colors are usually 
drawn either directly on the lithographic zinc plate or as 
a negative on translucent (or transparent) plastic. This 
serves to eliminate unnecessary processing and material. 
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Another method is sometimes used in obtaining color 
plates for line drawings and illustrations. The artist pre- 
pares an original, composite drawing in black and white and 
then has as many negatives shot from it as there are colors 
to be printed. The negatives are masked off; that is, parts 
are painted out, so that each negative carries only those 
portions of the design that are to go in a single color. The 
masked negatives are then printed on separate zinc plates 
and each of the plates is run on the press in the proper color 
of ink. This method is very accurate, but because of the 
many crossing lines and small features on a chart, consider- 
able negative engraving is required. Therefore, although 
it works very well for illustrations, it requires too much time 
for chart work. 

Blueline Plates 

There is still a third method, known as the blueprint or 
blueline method. It is the one generally used in producing 
charts. This method consists of making a blueprint image 
on the plates themselves and then filling in the proper areas 
on each plate with a greasy ink. 

To do this, the platemaker coats each plate with a light- 
sensitive blueprint solution and then prints it with the same 
negative that he used in making the base plate. When the 
plate is developed, it carries a weak blue, positive image 
that is identical with the image on the base plate. However, 
the lines of the blueprint image will not take ink when the 
plate is put on the press. Therefore, it is your job as a 
DML to trace over the lines or fill in with greasy ink the parts 
that you want to print. A separate blueline plate is made 
for each color that is to be printed, and on each plate only 
those areas that are to print in a particular color are inked. 
Since all plates are made from the same master negative, per- 
fect color registration can be achieved by this process. 

Methods of working on blueline plates and the materials 
used are discussed in detail in Draftsman NavPers 10471. 
Therefore, in this chapter, only the working methods and ma- 
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terials used in the gum arabic process, which is mentioned 
briefly in Draftsman 3, and the method of shading the six- 
fathom line are described. 

Gum Arabic Process 

The gum arabic process was used for preparing blueline 
tint plates back in the days before lithokote was perfected. 
Instead of painting in the image areas with tusche or litho- 
kote, the draftsman painted over the nonprinting areas of 
the plate with a solution of gum arabic. The gum arabic 
made these areas insensitive to grease. The plate was then 
sent to the transfer room where the image areas were covered 
with asphaltum so that they would take ink when the plate 
was put on the press. 

Today, the gum arabic process is used at times when a 
dot pattern is to be transferred to certain areas of the plate. 
You can mask off the adjoining areas by painting them out 
with gum arabic. It is a good idea to add brown or blue col- 
oring to the solution so that you can see your outline. After 
the areas have been masked off, the plate is sent to the trans- 
fer room. There the transferrer will apply the dots with a 
transfer sheet. 

Shading 

As you know, the water areas out to the three-fathom line 
are generally shown as solid blue tint. In addition, a blue line 
is sometimes used to indicate the limits of the six-fathom 
area. This is an aid to ships which have a greater draft 
than six fathoms. The six- fathom line is generally indicated 
by a ribbon of blue. 

Until recently it was the practice to shade the ribbon line 
so that the outside was darker than the inside edge. How- 
ever, shading is a delicate operation. If it is not done prop- 
erly, the entire area may fill in when the plate is put on the 
press. 

If you are called on to shade an area on a tint plate, you 
must work with a tusche crayon. Tusche crayons are similar 
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to those used in making liquid tusche. They come in dif- 
ferent degrees of hardness and are applied directly to the 
plate. Areas covered by the tusche crayon have a pebbled, 
rather than a solid finish, and will therefore print as a tone 
rather than as a solid color. 

If you use a soft crayon and a good deal of pressure, the 
resulting tone will be rather dark, but if you use a hard crayon 
and little pressure, the tone will be light. By varying the 
pressure and the type of stick used, you can vary the tone 
and thus produce gradations of color shading from dark to 
light. 

To draw a shaded ribbon on the water plate, you should 
first tusche in your outline by following and connecting, 
with pen and tusche, the dotted lines representing the limits 
of the 6-fathom depths. Then take your tusche crayon and 
run a broad stroke along the inside of your outline. This 
shaded stroke should come close to, but not touch, your con- 
tour line. Next, apply liquid tusche with pen or brush from 
the middle of your crayon stroke to the middle of the con- 
tour line. Half of your pebbled crayon line will then be 
tusched solid, and it will print as solid blue. The other half 
will print as a shade of lighter blue. 

TINT MASKS 

Work for tint plates is generally done on the zinc unless 
the run is long or the work is extremely detailed so that 35 
hours or more are required for doing the job. In this case, 
a blueline image is printed on a sheet of grained transparent 
vinyl plastic (or, in some cases, glass) and the nonprinting 
areas are masked off or painted out by hand. The painted- 
out plastic is then known as a mask or tint negative, and the 
areas which are painted out on it are the reverse of those 
painted on the zinc. For example, all areas except those to 
be printed in blue are painted out on the mask for a blue 
plate. (See fig. 14-4.) 

Although such masks require more time than is required 
to paint the plate, the extra time is justified. The image on 
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Figure 14—4. — Two or more men may work, on the plastic mask or tint negotive 

at the same time. 



■ lithographic plate may lose its sharpness after several 
thousand impressions. If larger quantities are needed, a 
Becond and, possibly, a third plate may have to be prepared. 
If a tint mask has been prepared, new plates can be made 
from it in much less time than it takes to prepare a zinc 
plate by hand. 

In preparing a mask on plastic, you may use a pen and 
Grumbacker's ink for making the outline. Since ink chips 
and cracks with age, a drop of glycerin may be added to give 
it more flexibility. Also it is a good idea to thicken your 
outline and to fill in large areas with oil opaque. 

Bluelines should always be opaqued or painted in on the 
grained (back) side of the plastic. This is necessary so 
that the painted areas will be in contact with the zinc when 
the plate is printed. If the inking were done on the front 
of the plastic, the thickness of the plastic would allow the 
light to spread or seep under the inked areas during the 
exposure. 
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Use a light table rather than the regular drawing table 
when you work on tint masks. The light coming through 
the transparent plastic or glass will indicate whether you 
have covered an area adequately. Be sure that your over- 
head light is dim enough so that it will not interfere with 
the illumination from the table. 

For outlining intricate tints, a fine stiff pen such as Hunt 
102 or 104 is preferred. Ink the pen lightly to avoid having 
the ink creep or spread over the line being followed. If you 
clean the surface of the plastic with an artgum eraser, ink 
spreading may often be lessened. Avoid using cleaning 
solutions and opaquing inks that may contain a plastic sol- 
vent, as even a small amount can distort the sheet enough to 
make it useless. 

As you draw, thicken the outline to about y 32 or y ie of an 
inch. Take care not to thicken it much above these limits 
as wider inked areas tend to crack. Using oil opaque, widen 
the line to y 2 inch or more and fill in the areas of moderate 
size with even brush strokes. The coating is kept even in 
order to ensure perfect contact with the zinc when the mask 
is printed on a plate. If it is necessary to touch up areas, 
you should always do your touch -up work on the opposite 
(top side) of the mask so that the bottom side will not be 
lumpy or uneven. 

If errors occur, you can scrape the ink from the plastic 
with a razor blade. It may then be necessary for you to 
retrace the blue lines. 

When you outline on glass, use a fine brush and an opaque 
paint with an oil base. For filling in broad areas, use oil 
opaque, a preparation consisting of asphaltum, lampblack, 
and turpentine. Apply it with a chisel-edge brush. 

You can reduce the amount of opaquing on plastic by cov- 
ering areas with goldenrod paper. When you use the golden- 
rod, you must first outline the area and then thicken the 
outline until it is at least ^-md* wide. Then, instead of 
filling in the broad areas with opaque paint, wait until the 
outline is thoroughly dry and tape a sheet of goldenrod on 
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the top (nonworking) side with red cellulose tape. Al- 
though this paper masks out the light when the plate is 
printed, it is thin enough for you to see through. You will 
still be able to see the outlines on the transparency. 

Next take a knife or razor blade and cut windows in the 
goldenrod paper to expose the areas that are to print. To 
keep from cutting or scratching the surface of the mask, you 
may insert an extra sheet of transparent plastic between it 
and the goldenrod. Cut within the painted outline, but be 
sure that the goldenrod overlaps the painted lines by at least 
14 of an inch. Some operations allow the goldenrod to ex- 
tend to within approximately y s of an inch of the image 
areas. This is done so that, if the ink chips or cracks in the 
future, less touch-up will be necessary. 

The irregular edges of the masking paper should be taped 
enough so that the mask can be handled without its coming 
loose, but don't apply so much tape that the goldenrod can't 
be loosened easily. The platemaker may have to loosen it to 
restore its flatness. 

After the plate is printed, the tint negative is stored for 
future use. It can then be taken from the file and corrected 
as changes in the information on it occur. 

CHALK POWDER OFFSET PLATES 

If the original negative is lost or damaged, a different 
method, known as the chalk offset process, may be used. 
The base plate is delivered to the transfer room where it is 
rolled up with black ink. A piece of clean chart paper is 
then positioned over it and taped down. It is then run 
through a pressure press. The pressure causes the inked 
image to be transferred to the chart paper. The chart paper 
is next dipped in a trough containing brown chalk. The 
chalk sticks to the wet image, but can be shaken off the smooth 
surface of the paper. The paper is then taped down against 
the grained surface of a zinc plate, and the two are run 
through the pressure press again. This time, the pressure 
causes the chalked image to transfer to the metal plate. 
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The chalk offset process plate is delivered to the litho- 
graphic drafting section where it is used in making a tint 
plate by a method similar to that used in preparing blue- 
line tint plates. You must be more careful when working 
with a chalk plate, however, as the chalk image is more easily 
smeared than the blueline image. 

Offset impressions of simple designs are usually sufficiently 
distinct to serve as guides for the artist or draftsman. If 
the design is quite intricate, however, the finer details on the 
chalk offset plate may not be clear. Since chart paper 
shrinks or swells with changes in humidity, chalk offset plates 
are also subject to distortion, particularly when the design 
covers a large area. This can result in imperfect register of 
colors in the final printing. If there is no way to control the 
humidity, it is sometimes necessary to wait for a day or two 
until the weather conditions are right before an accurate 
plate can be made. 

MAGENTA PLATES 

The compass rose and certain other information are gen- 
erally run on a separate plate which is printed in magenta. 
This information is placed on a separate plate because it must 
be changed frequently. Magenta ink is used because it con- 
trasts well with the other colors on the chart. It is used 
extensively on fluorescent base aviation charts because it 
stands out well under fluorescent lights. The color was 
chosen by the International Hydrographic Office. 

Magneta-plate information may be prepared as an original 
black-and-white drawing by the drafting section or it may 
be prepared on plastic by the lithographic draftsman. The 
lithographic draftsman may place the information on the 
plastic sheet in the position in which it will appear on the 
plate or he may condense the information. That is, al- 
though he draws each feature to its full size, he places them 
closer together than they will appear on the plate. He may 
even include the information for several magenta plates on 
one plastic sheet. Since a film negative will be made from 



457 



this sheet, this serves to save film. The film is later cut 
apart and assembled on a transparent plastic sheet so that 
the features are in their proper position. 

A typical magenta plate may include several compass 
roses, a dozen or so symbols, and several notes and notations. 
The first step in preparing such a plate by negative assembly 
consists of assembling complete positives of the compass 
roses. At the Hydrographic Office, these roses are printed 
in standard sizes on a thin transparent base. In order to 
assemble such a rose for a particular chart, separate the 
inner rose from the outer by using a stiff compass or dividers 
with a cutting point. With the rose face down on the table, 
apply several pieces of transparent adhesive tape around 
the edge of the cut between the inner and outer rose, but stick 
each to only one rose leaving half the tape protruding above 
to overlap but not touch the other rose. When the roses are 
precisely oriented with respect to each other, the projecting 
ends of the tape may be quickly adhered to the other rose. 
The rose is assembled face down so that the tape will not pre- 
vent direct contact between the positive image and the emuls- 
ion on the negative. Maximum tolerance in orientation of 
the magnetic rose is approximately 1 / 4° but the N-S points 
should be much less than that, so that there is no apparent 
error, with image distortion distributed between the E-W 
points in deference to the custom of making the N-S line 
the primary reference. 

Numerical magnetic values are placed on the face of the 
rose and also any magenta features charted in the area cov- 
ered by the rose. If such features include pen work, this 
may be done on a sheet of the same stock that the type is 
printed on, because it is sufficiently thin to avoid trouble in 
photoprinting, provides a grained surface for pen work, 
and can be easily removed to salvage the rose. 

When you assemble waxed type for contact photoprinting, 
remove all excess wax which is forced out by pressure from 
the surface of the drawing, because this wax will stick to the 
negative emulsion and prevent the development of areas. 
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Use a scraper to remove this wax, because a solvent will also 
remove ink from the type. 

Next draw the symbols to be used. These may be drawn 
in clusters for assembling as a unit where they are close 
together and film dimensional changes will have a negligible 
effect. From this transparent drawing, a film negative will 
be made. 

When you start to assemble the negative, lay a clear vinyl 
sheet with the grained side up on the base lithographic 
zinc plate. The edges of the vinyl sheet should coincide with 
those of the zinc along the gripper (bottom) edge and the 
left edge for similarly locating images on both zincs. On 
this vinyl sheet, trace marks from the base plate with which 
to locate film segments, using a sharp, hard pencil or stylus 
and blue tracing paper. 

Next remove the vinyl sheet from the base zinc. Stick the 
film segments lightly to a light table with their emulsion side 
down and with pressure-sensitive adhesive facing up. Then 
locate the vinyl sheet above each segment of film so that the 
feature on the film fits the marks traced on the vinyl sheet. 
This requires light from both above and below. As film seg- 
ments are thus located on the vinyl sheet, exert a light pres- 
sure above the adhesive to make the film adhere to the vinyl 
sheet. Appropriate use of adhesives will ensure that the film 
sticks firmly to the vinyl sheet and loosens readily from the 
surface of the light table. 

Since compass roses have projected marks beyond the ex- 
tremes of the N-S and E-W lines, the film may be trimmed 
so that these marks intersect the edge. These may be used 
as a final check on accumulated error by laying the negative 
assembly over the base zinc plate and checking the fit be- 
tween these marks and the coordinates or the parallel with 
which they should coincide. 

Then place the vinyl sheet on a light table with the film 
segments down and cover it with a sheet of masking paper. 
This must also be laid so that the gripper and left edge will 
coincide with those of the vinyl sheet. Now, cut the masking 
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Figurt 14-5. — A negative for a magenta plate assembled on a vinyl plastic 
sheet with the goldenrod mask rolled back. 

paper away from the features to be printed. Figure 14-5 
-hows BUcll Ml assembled negative on a light table with the 
masking paper rolled back. 

Finally, retouch the assembled negative on the emulsion 
Bide with opaquing paint and erase from the vinyl sheet all 

reference marks over features. 

After the plate is made, the assembly can be stored for 
future use hut) because of the temporary or changing nature 
of features appearing on the magenta plate, it is usually 
simpler and cheaper to disassemble it. In this case, the vinyl 
sheet and the standard features may be returned to stock 
for reuse. 

When a chart has a high density of features or when con- 
densing the positive is impractical, the complete positive 
drawing, with the transparent type and compass roses, may 
be done on a transparent plastic sheet overlaying the base zinc 
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Figure 14—6. — Transparent original for a magenta plate drawn as an overlay 

on the base zinc plate. 

plate. (See fig. 14-6.) In this case also, the gripper and 
left edges must coincide between the plastic and the zinc and 
all features are located in exact position relative to those 
on the underlying zinc plate. A contact film negative is then 
made and if the distortion of the film is within the toler- 
ance in fit of features, it may be used in one piece. 

However, if there is greater film distortion, the film nega- 
tive may be cut and assembled on the back or below the orig- 
inal transparent positive drawing, with the features fitted 
to those of the drawing. If the positive is to be saved, a 
second plastic sheet may be fastened to the back of the posi- 
tive and the film negative assembled on this. If the positive 
is not being saved, positive features may be removed from the 
top surface of the sheet, and then this is covered with mask- 
ing tape to complete the negative assembly. 
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CORRECTING EXISTING PLATES 

At the Hydrographic Office, samples of each printed chart 
are kept in a file, and as information changes, the compila- 
tion section makes notes against the chart. When an order 
comes through for the chart to be reprinted, all of these cor- 
rections must be made to bring the chart up to date. If 
negative corrections are required, the work is done in the 
negative engraving section, but if corrections to the plate 
are required, the information will be sent to the lithographic 
drafting section. 

As a rule, it takes years to develop a trainee until he is 
capable of making any necessary corrections on the plate. 
During the first year, a man may be assigned to do tint 
plates, and outside of that, his work will consist largely of 
practice jobs. New men generally start by learning to do 
large roman letters. They work with pencil until they have 
learned letter construction and spacing. Then they begin 
to work directly on the zinc with pen and tusche. As their 
skill increases, they are assigned more difficult jobs. (See 
fig. 14-7.) 

When a plate is to be corrected, it is first pulled from the 
file and sent to the transfer section. There it is rolled up 
and areas are deleted if necessary. Next it is counteretched 
with a solution that makes it sensitive to grease in the areas 
that are to be corrected. At this point, transfers of seals 
and notes are made. Then the plate is forwarded to the 
lithographic draftsman who does freehand corrections. 

If the areas in which the corrections are to be made are 
fairly complicated, the transferrer may leave the job of 
counteretching to the draftsman. In this case, you should 
sensitize the areas locally as you go along. Never sensitize 
large areas and leave them in the open too long, as weather 
conditions sometimes cause the inked image to spread. It is 
best to gum the areas as you complete them, and to keep the 
remainder of the image under gum until you are ready to 
work on a particular area. You can then remove the gum 
with water and sensitize the area with cyanide. Use a strong 
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Figure 14*7. Drawing the corrections to a chart directly on a lithographic plate 

is a tedious operation, requiring a wide knowledge of the different features 
to be drawn, as well as the ability to work in a number of different styles 
with difficult mediums. 



(brown) solution of cyanide to clean out areas covered by 
developing or transfer ink. The cyanide may be followed 
by abrasives if necessary. 

You may find that it will be necessary to treat open areas 
of the plate with cyanide before you can work on them. The 
transferrer uses various solutions on the plate, and it is 
practically impossible to work over the coating left by some 
of these chemicals. ITe will generally write the name of the 
solution he used in the corner of the plate so that you can 
tell whether you can draw directly on the plate or whether 
you must first sensitize the areas with cyanide. 

The problems involved in making corrections on the plate 
are connected with maintaining proper physical and chemi- 
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cal conditions so that the chart will process correctly when 
it is printed. Conditions of humidity may affect the work, 
as well as the skill of the draftsman. Usually each man de- 
velops his own methods of working, using the materials and 
mediums which work best for him. 

If deletions are small, you may simply use abrasives with- 
out the cyanide. However, abrasives may be followed by the 
cyanide, if it seems desirable. You may make deletions with 
a retouch transfer eraser, which is a rubber eraser impreg- 
nated with pumice. However, it is very difficult to get the 
surface clean enough with this eraser and, therefore, using it 
requires considerable care. You can also make deletions by 
going over the lines with a Tarn O r Shanter hone or slate 
stone. Etcho sticks or snake slips may also be used. 

In removing the image with abrasives, you will sometimes 
destroy the grain on the plate. This will leave smooth areas 
that will not hold moisture. If the plate is put on the press, 
these areas can pick up ink. To prevent this from happen- 
ing, you should regrain the areas by going over them with 
pumice powder and cotton. You can also restore the grain 
by rubbing the plate in a light, circular motion with alumi- 
num oxide powder and cotton or a piece of cork. 

If additions are necessary, you may sensitize the areas of 
the plate in which they are to occur by applying a weak 
(clear) solution of cyanide. Let the cyanide stand on the 
plate for about a minute (depending on its strength) and 
then wipe it off. Next, apply phosphoric solution for a min- 
ute and wipe it off. A strong solution of cyanide will burn 
the image off the plate, and this may also occur if the cyanide 
is left on too long. The phosphoric solution will not affect 
the image regardless of how long it is left on. 

Xext, find the position for your lettering or other work. 
For lettering, you may draw in guide lines with a three- 
pronged stylus. This instrument is called a gage. Gages 
are supplied in varying sizes to match the point-size of type 
faces. There are 8-, 9-, 10-, 18-, and 24-point gages. The 
bottom and top prongs of the gage furnish the guide lines for 
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your capital letters and the middle prong produces a guide 
line for the tops of the lowercase letters. 

Lines and other work are not drawn directly on the plate. 
Usually all work is sketched or laid out on engravers' gela- 
tine. This is then dusted with blue powder and burnished 
on the plate. Lines may be pressed on through a blue- 
chalked paper something like carbon paper except that it is 
not greasy. The reason for this is that any grease adhering 
to the plate may print. When you press the three-pronged 
gage against the face of this paper, chalked lines will transfer 
from the back of the paper to the plate. You can then con- 
struct the letters freehand, using tusche and a lettering pen. 
Always make sure that there is no grease on the surface of the 
chalked paper, and do not press so hard that the prongs of the 
gage cut through the paper and dig into the metal surface of 
the plate. Scratches in the plate may print when the job is 
run on the press. 

After you have made the corrections, you should take a 
piece of chalk and encircle the areas where you worked as 
shown in figure 14-7. This is done to call these areas to the 
attention of the transfer room where the plate is to be etched. 

Corrections may also be made on a zinc plate after it has 
been placed on the press, provided the corrections will not 
take so much time that the operation of the press is held up 
excessively. The draftsman who makes such corrections 
must be so skillful that he can work under difficult, cramped 
conditions. 

LITHOGRAPHIC TRANSFERS 

Not all additions to the plate are made by the lithographic 
draftsman. In some cases, dot patterns, seals, notes, and so 
on are applied to the zinc in the transfer section. These 
features are first printed on a paste-coated paper with a 
greasy ink especially adapted to this purpose. Since the 
print is made on the paste-coated side of the transfer paper, 
the layer of paste prevents the ink from penetrating the* 
paper. Standard plates, consisting of dot patterns, seals, 
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and other features common to charts, are used in the printing 
of these transfers. 

The operation of transferring consists of inking the de- 
sign on the standard plate, laying a piece of transfer paper 
over it and running it through a press under pressure. The 
transfer paper is then removed from the plate, and the 
freshly-inked design is ready for transferring to the chart 
plate. The transfer is carefully positioned on the chart plate 
and applied to it face down. If the transfer is to cover a 
large area, the plate is run through a pressure press, but if 
the design is small, a hand roller may be used to provide the 
transfer pressure. In either case, the pressure causes the 
transfer to adhere firmly to the plate. After this, water is 
applied to the back of the transfer until the paper is satu- 
rated and the paste dissolves. The paper is then removed, 
leaving the transferred design, in greasy ink, clear and sharp 
on the surface of the chart plate. 

CORRECTING EXISTING NEGATIVES 

Sometimes, corrections are made on the wet plate negative. 
Deletions may be made by opaquing, and additions may be 
made by hand engraving. Although the negative engraving 
is generally done in a separate section, you may occasionally 
be called on to do this type of work. (See fig. 14-8.) 

Opaquing operations are similar to those performed on 
contact negatives for magenta plates, except that you will be 
working on glass instead of film. Place your negative on the 
light table. Then test your opaque by applying a little of it 
to another piece of glass. If it appears translucent, that is, 
if the light shows through, it is too thin. If it is lumpy, it 
is too thick, and solvent should be added. 

After the proper consistency has been reached, fill your 
brush with opaque and twirl the round tip of the brush once 
on a piece of scrap paper to obtain a point. Then lightly 
spot out the areas to be deleted with the tip of the brush. 
You can paint out large areas w r ith a half-inch chisel-edge 
brush. Use flat, parallel strokes and avoid painting over 
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Figure 14—8. — Engraving corrections on a glass negative requires many of the 
same skills as correcting a lithographic plate, but on the negative the 
lettering must be engraved in reverse. 

areas, as this develop ridges. Start at the renter of the 
negative and work down so that yon will not smear the work. 
You can steady your arm on an arm board or on a piece of 
soft blotting paper. This will prevent the scratching or 
smudging of the negative emulsion. 

There are special tools available for engraving negatives. 
Tools have been designed for cutting single or double lines, 
as well as for lettering and figures. Some of these tools are 
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constructed to provide uniform pressure, width, and angle, 
but in most cases, t lie handling of the tools depends upon the 
skill of the operator. 

Lithographic needles look like oversized pencils. They 
have a steel cutting edge that is generally round, although 
flat ones are sometimes used. Round needles come in sizes 
from 00 to y 1Q of an inch, and flat needles range from 00 to y± 
of an inch. You may sharpen the needles to suit your pur- 
pose. Before you begin work, you should test the engraving 
tool in the margin of the negative. Test marks can be 
touched out afterwards with opaque. 

When it is necessary for you to correct an area of the glass 
plate, opaque out existing work whenever deletions are neces- 
sary. Then make a tracing on celluloid of the corrected area 
and fill the scribed lines with white chalk. Transfer the 
tracing to the negative and engrave the corrected material 
into the emulsion. If the emulsion tends to chip or crack, 
go over it with a thin coating of asphaltum before you do 
your engraving. 

QUIZ 

1. What is the printing process which is generally used for printing 

charts? 

2. Why are glass negatives used instead of film negatives in chart 
work ? 

3. What is meant by a two-negative job? 

4. How is goldenrod paper used? 

5. What is tusehe? 

6. Why should you encircle with chalk those areas where you have 
done handwork on a plate? 

7. What is the name generally given to plates that are to print in 
gray or blue? 

8. What is the black plate generally called? 

9. What is meant by a blueline plate? 

10. When is the chalk powder offset process used in preparing tint 
plates? 

11. Why is magenta ink used for printing certain information on a 

chart? 
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12. Why is a tint mask prepared rather than a zinc plate when large 
quantities of a chart are needed? 

13. What can be added to the ink used on acetate to help prevent its 
chipping or cracking? 

14. What is a gage? 

15. Why is the gage not applied to the plate but used to press on the 
lines through a blue-chalked paper? 

16. How are deletions made on wet plate negatives? 

17. What is meant by "wav type?" 

18. How can you prevent the emulsion on a glass negative from 
chipping or cracking as you engrave it? 
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CHAPTER 



LAYOUT AND ILLUSTRATION 

INTRODUCTION 

Although your work will consist of what is called com- 
mercial art, you, as a draftsman illustrator, should have an 
understanding of line, form, tone, and color which is equal 
to that of an artist. Fine art is to commercial art what 
scientific research is to the sciences. Without the fine arts, 
commercial art would soon lack vitality and originality. 
Many of the best commercial artists are also fine artists and 
carry over to their commercial work the daring, originality, 
and awareness of beauty that make them noted in the fine 
arts. 

Commercial art differs from fine art in only one important 
respect. It is the business of a fine artist to communicate 
his own feelings; a commercial artist, on the other hand, is 
usually asked to w r ork on something in which he has no per- 
sonal interest. Insofar as he is able, by an exercise of 
imagination, to develop real feeling about, or interest in, 
each thing that he does, he is a better artist. 

When you do an illustration or a layout, it is most impor- 
tant to keep in mind the purpose for which it is intended. 
No matter how technically perfect it may be, it has failed if 
it does not tell the story. The artist should be able not only 
to visualize his subject matter but also to imagine the reac- 
tions of the unseen audience for which it is intended. 

Styles in illustration and layout, like styles in clothes, 
change along with subtle changes in the ways people think 
and do things. Also an artist's style is his means of convey- 
ing ideas and emotions, and a style which is not appropriate 
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to the audience for which a piece is intended can defeat its 
purpose. In order to help develop an awareness of style, 
keep a personal file of recent magazine illustrations and 
publications that have styles which seem interesting to you. 
When you see something that has a fresh approach, pet a 
copy of it and stick it in your file. It may give you an idea 
that you can use to advantage later. However, never copy 
an illustration or layout exactly. Use the ideas of others as 
stepping stones to your own ideas, but do not use them as 
crutches. 

LAYOUT 

Layout is a term that is used to mean different things in 
different fields. When it is used in referring to an illustra- 
tion, it refers to the plan of a picture or design, especially 
the preliminary drawing as distinguished from the finished 
drawing or rendering. However, layout is used almost 
exclusively in referring to the plan for something which is 
to be printed, like a poster or a publication. Poster layout 
has been discussed briefly in Draftsman 3, NavPers 10471. 

The layout artist must have a knowledge of printing, 
binding, and related trades. Unfortunately, he is rarely at 
liberty to develop the most attractive and appropriate lay- 
out he can. Usually, he is limited as to the size of the pub- 
lication or poster, the format, and the paper and ink to be 
used for the printed job. All this means that, in order to 
do a layout which will serve the purpose, he needs more 
knowledge and imagination, rather than less. 

For more technical and detailed discussions of printing 
and type than can be included in this chapter, read Lithog- 
rapher 3 and 2, NavPers 10450, especially the chapters on 
selecting the type face and planning the job, and Printer 
3 and 2. If you can, obtain copies of the Armed Forces News- 
paper Editors' Guide, NavPers 10293A, and Planning and 
Preparation of Navy Department Publications, NavExos P- 
385, to add to your ow ? n or your section's reference library. 

In most publications, the pages are vertical or horizontal 
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rectangles. Squares, circles, or irregular outlines are rarely 
used. The early books may have followed the rectangular 
shape because men were accustomed to rectangular windows 
and doors. Also, the animal skins from which vellum and 
parchment were made were roughly in the shape of rectangles, 
and it was more economical to cut rectangular shapes from 
them. 

Today, paper is manufactured in rectangular sheets, and 
it continues to be more economical to cut and fold them in 
rectangular shapes. When a sheet of paper is folded once and 
then trimmed, it makes 4 pages. Folded three times, it makes 
16, and four folds make 32. Pamphlets and books should 
be designed around these units, which are called signatures. 

Composition 

Since in any two layouts, the elements, or parts, are never 
the same, you cannot use a set of readymade formulas to com- 
pose a layout. You must depend on what looks best to you, 
designing each job individually according to the proper spec- 
ifications. 

First, analyze the elements that are to go into the layout. 
Determine which is the most important so that it may be 
given greatest emphasis. Then try to get a mental picture 
of the elements as they will look when they are printed. This 
takes practice, but a layout man should learn to think in terms 
of the finished product from the first. The drawing which 
he makes is a blueprint for a page. The test of his ability lies 
not in the finish of the drawing but in the final success or 
failure of the page he plans. 

You may find that it is impossible at first to visualize the 
complete layout mentally. You can start by visualizing the 
separate elements, drawing them roughly on separate pieces 
of paper, and then placing them on a layout sheet. When 
you see them next to each other, some may seem too large or 
too small or they may not harmonize with the other elements. 
Redraw these and move them about in relation to each other 
until you get an arrangement that looks good to you. Then 
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trace this on a new layout sheet and refine it until it looks 
finished. 

Some men start by drawing thumbnail sketches and select- 
ing the best one to work up into a finished layout. The small 
size of a thumbnail makes it easier to see the pattern as a 
whole. However, you may find that something which looks 
good when it is small, loses its sparkle when you enlarge it. 
If you do preliminary thumbnails, be careful not to give more 
weight to a line of type than it can possibly have in the full- 
size layout. The type faces available in large sizes are 
limited. 

Composition can be said to be the art of relating contrast- 
ing elements. The color of ink in which the type is printed 
contrasts with the white paper. The gray tone of a block 
of body type contrasts with the larger, darker headline type. 




Figure 1 5—1 . — Comparison of various proportions. 
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Figure 1 5—2. — Rectangles with the proportions rendered in tone. 

An illustration, whether it is a line cut or a halftone, presents 
a distinct contrast to both the paper and the type. 

If there are too many contrasting elements or if they are 
unrelated, the composition will confuse the person who sees 
it. If he can't decide where to look first, he may decide not to 
look at all. On the other hand, if the composition is lacking 
in contrast, it will be dull, and if contrast is lacking alto- 
gether, as in the case of type printed in gray ink on gray 
paper, it will not only be dull but almost impossible to see. 

Contrasting elements may be related to each other and the 
composition unified by various methods. One method of 
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relating the elements consists of planning them so that the 
resulting proportions are pleasing. Figure 15-1 shows how 
a rectangular area can be divided in differing proportions. 
Xotice that one of the rectangles is divided into a numl>er of 
squares which are all the same size. Its proportions are less 
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Figure 15-4. — A. Examples illustrating balance in layouts. B. Center of the 
page. C. Optical center of the page. 
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interesting than those of the rectangle next to it, because it is 
monotonous. 

In figure 15-2, rectangles with interesting proportions are 
shown in different tones. A black, a white, and a medium 
gray are used. This type of treatment works well for a 
layout of a pamphlet cover. Wherever several tones are 
used, the layout will be more interesting if one of the tones 
clearly dominates the others, either in size or intensity. 

Another method of relating the elements consists of bal- 
ancing them. The principle of balance is the same for a 
seesaw and a layout. Look at the layouts in figure 15-3. In 
layout, a small dark element can be used to balance a larger, 
lighter element. Examples of this kind of balance are shown 
in figure 15-4 A. 

The optical center of the page is slightly above the actual 




Figure 15-5. — Examples illustrating grouping of elements. 
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Figure 15—6. — Examples of direction in layouts. 



center. When an element is placed at the exact center, it 
does not look as well balanced as an element placed slightly 
above. (See figs. 15-4B and 15-4C.) 

You can also relate a number of elements by grouping 
like elements together. These groups may then be positioned 
on the layout in a simple pattern. Examples of grouping 
are shown in figure 16-5. 

Another method of relating could be called the direction 
or rhythm method. You can arrange the elements in a lay- 
out so that the eye is naturally led from one to another. 
(See fig. 15-6.) This eye-leading arrangement is particu- 
larly important in display work. It is also useful in publi- 
cat ion layouts, where an illustration or a caption can lead the 
eye to the reading matter or, failing in purpose, away from 
it. 

Materials and Methods 

The layout man's tools consist of drafting equipment on 
the one hand and reference materials on the other. Compli- 
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cated layouts may require the use of india ink, Chinese white 
water color, tempera colors, or pastels. You will need a line 
gage or pica rule, also called a printer's rule, and you will 
find a reducing glass useful. Through the reducing glass, 
you can see approximately how art or type will look when it 
is reduced to the printed size. 

Reference materials include paper samples, type specimen 
books, and a morgue or file of layouts and drawings. You 
should also have proofs of all the types, borders, ornaments, 
and cuts available at the print shop where your layouts are 
usually printed. Other reference materials which you may 
find of use are copyfitting charts, paper allowance lists, and 
samples of different types of paper stock. 

Tracing paper, available in pads of varying sizes, is use- 
ful for layouts because it is sufficiently translucent to enable 
you to trace type and illustrations. Since ink or water colors 
will usually cause the paper to wrinkle, you should work 
with pencil on tracing paper. Crayons or pastel sticks may 
be used when large areas are to be filled in with color. If 
you apply these colors to the reverse side of the sheet, they 
will show through to produce a toned or shaded effect. When 
pastels are used they should be sprayed with a fixative solu- 
tion to make them less likely to smear. 

If you use tracing paper, you can draw the layout roughly 
on the top sheet of the pad, erasing and altering until you 
get a composition to your liking. Then tear this sheet off 
and slip it under the next one. The drawing will show 
through clearly, and you can trace the elements, refining 
lines and changing tones. This can be continued until you 
are completely satisfied with the composition of the layout. 
The final version may be traced on, or transferred to, a sheet 
of white bond, which also comes in tablet form and which 
provides greater contrast with the dark pencil lines. 

When you use tracing paper, you can shift the various 
elements of the job with a minimum of effort. If your origi- 
nal layout isn't pleasing, you may place a clean sheet of trac- 
ing paper over it and trace off the elements, shifting the 
paper to change the location of the units as you see fit. 
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Newspapers and magazines often furnish layout sheets, 
like those shown in figure 15-7, to the layout man. These 
sheets are the same size as the page and are printed with 
lines showing the column or type page width and depth. 
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Figure 1 5— 7. — Layout ihnft for publication*. 

To transfer a layout to a new sheet, rub the back of it with 
a soft graphite pencil. Then lay it face up on the sheet of 
paper and trace over the original elements with a sharp, hard 
pencil. This will produce a clear outline of the original 
layout on the drawing paper. 

A flat carpenter's pencil is good for shading large areas 
and getting flat tones. Color may be applied with water 
color washes, colored pencils, or pastels, although color is 
rarely required on anything but comprehensives. In doing 
lettering on a layout, use a 4B or a 6B round pencil. Pro- 
fessional layout men often sharpen these pencils to a long 
point and then use a sandpaper pad to flatten the point to a 
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chisel edge. The width of the tip of the pencil controls the 
width of the strokes of the letters. (See fig. 15-8.) The 
pencil may be held in a position which is perpendicular to the 
paper rather than in the usual writing position. 




m 



Figure 1 5— 6.— Position somotimos usod in lottoring with o chisol-point poncil. 



For gothic letters, the pencil must be turned each time the 
stroke takes a new direction. (See fig. 15-9 A.) For roman 
letters, the thin side of the chisel is used to make the thin 
strokes and serifs. (See fig. 15-9B.) 

With a little practice, you will be able to make letters that 
have the rough characteristics of different type faces. Until 
you have acquired this ability, and even then, whenever the 
exact spacing of the lettering is important, you can trace any 
display type from a type sample of the correct size and 
weight. 

Experienced layout men use the T-square not only to draw 
horizontal lines but also to draw vertical ones, thus elimi- 
nating the need for a triangle. (See fig. 15-10.) First, tack 
the sheet of layout paper in place on the drawing board, or 
if you are using a pad, place it so that it will not slip. Then, 
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BDGOPRS 

AEKMWXZ 
abefghmopst 

3 ASIC strokes 

ABDEMORS 
GIKNPTWZ 
abefghmopst 
Sharpness 

Figure 15— 9.— Gothic alphabet above; reman alphabet below. 
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position the T-square, with its head against the side of the 
drawing board, so that the lower edge of the blade rests on 
the paper where you want the top of the line to fall. Place 
your pencil point against this blade. With the point held 
lii inly against the blade, grasp the head of the T-square and 
slide it toward you until the line is the proper length. 




Figure 15—10. — Method of using a T-square to make a vertical pencil line. 



Type 

Blocks .of type print as various tones of gray, depending 
on the thickness or weight of the type face and the amount 
of spacing used between the lines. You should use dark 
tones of heavy type sparingly as too much black makes the 
page difficult to read. The text or major portion of the 
copy should be set in a type that will produce an over-all 
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gray *ffsct on the printed page. This pray tone may then 
be accentuated with dark tones produced by larger, heavier 
type used for headings or titles that require emphasis. 

The size of type is specified in points. There are 12 points 
in a pica and approximately 72 points in an inch. Display 
type is usually considered to be the 14-point faces and larger ; 
body type, the 8-, 9-, 10-, and 12-point faces which are gen- 
erally used for text. 

Different classifications of type are discussed in chapter 
12. For an excellent discussion on how type is set and how- 
to select the right type for the right job, read chapter 2, 
Lithographer 3 and 2, XavPers 10450. Also visit your ship's 
print shop or a good commercial print shop and learn how 
type and cuts are fitted together in printing. You cannot 
begin too soon to think in terms not only of tones on white 
paper but also of blocks of metal type, cuts mounted on 
wooden blocks, and metal spacing strips which do not print 
but which keep the type and cuts in position. In the case of 
offset printing, you must also visualize the page as a photo 
negative, or a group of negatives pasted together. Your 
layout will fail, no matter how pleasing it is on the drawing 
board, if you ask the impossible of the printer. 

When yon select display type, choose a face which fits the 
mood of the subject matter of the copy and that goes well 
with the body type to be used. In selecting a body type, 
pick one that is easy to read. Unusual faces are difficult to 
read and defeat their purpose. 

In general, the simpler the style of the letter, the easier it 
will be to read. Open, clean-cut letters with plain serifs are 
best. The serifs lend unity to the letters, binding them to- 
gether as words. That is why roman type faces are gen- 
erally chosen for body type. Since the eye has more diffi- 
culty scanning blocks of type set in unusual type faces, such 
faces are generally used only for cut-lines, headings, and 
display work. Although sans-serif faces are not as legible 
as roman faces, they are widely used in advertising composi- 
tion and, in some cases, for text. Lowercase letters are easier 
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to read Mian masses of capitals or small capitals in blocks of 
text. Figure 15-11 shows some of the body type faces in 
common use. 

The size of type also affects legibility. Most 8-point type 
faces are less legible than 10- or 12-point type. Ten-point 
type is large enough for comfortable reading, yet small 
enough to allow for a reasonable number of words to a page. 
That is why it is chosen as a body type for textbooks such as 
this. Twelve- and 14-point type faces are considered to be 
the most legible of all. For this reason, they are generally 
used for children's books and for some Navy publications 
which must be read under adverse conditions. 

The length of the type line and the leading — that is, the 
spacing between the lines — also affect legibility. The length 
of the line used in body composition depends on the size and 
style of the type and the amount of leading between the lines. 
As a general rule, the pica length of a line should not be more 
than twice the point size of the type when the copy is set 
solid, plus 1 or 2 picas for each point that the copy is leaded. 

A reader does not see each letter in a line. He sees in 
terms of words and combinations of words. Too much lead- 
ing between lines makes the type less legible. Leading 
should be used to achieve tone and legibility, not to space out 
the type to fit the page. The job should be uniformly leaded 
throughout, since uneven spacing spoils its appearance. 

The well designed page is one that contains a gray mass of 
type framed with white space. (See fig. 15-12.) Narrow 
margins cause pages to appear black and crowded and make 
them difficult to read. In fine bookwork, printers often di- 
vide the page half and half between text and marginal space, 
but this is impractical in most publications. 

When you do layouts for a book or magazine, ahvays con- 
sider facing pages as a single unit. Facing pages are called 
a spread or a double spread. When the book is opened, the 
combined width of the white space between the two pages 
should be roughly equal to that of either of the, outside mar- 
gins. More margin should be left at the bottom of the page 
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than at the top or sides. Since the visual center of the page 
is above the actual center, the gray tone of type on a page 
of text looks best when it is centered on the visual center, 
rather than on the actual center. 
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Figure 15—12. — Method of determining margins for a book. 

Copy Fitting 

When you have a layout to do, you may work directly with 
a writer and an illustrator, or you may be told the purpose 
of the layout, the general context of the copy to be included 
in it, and asked to produce ideas for both illustrations and 
display copy. At other times, you will be given manuscript 
copy and possibly even illustrations or photographs and 
asked to produce a layout incorporating these. 

Photographs and illustrations may be scaled and cropped 
to fit a space. In order to determine the space that manu- 
script will fill when it is set in type, you must cast the copy. 
There are several methods of casting or copy fitting. Some 
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of these, such as the words-per-square-inch method, are 
rather inaccurate and should he used only for rough calcula- 
tions where accurate copy fitting is not necessary. 

The following table will give you the approximate num- 
ber of words per square inch for different sizes of type. 



Sire of type 



6 pt 
8 pt 
10 pt 
12 pt 
14 pt 
18 pt 



Words per sq. in. 



Solid 



47 
32 
21 
14 
11 



2 pt. leaded 



34 
23 
16 
11 

7 
5 



You can roughly estimate 250 words to one page of manu- 
script copy. Suppose you have 750 words of copy to be set 
in 10 point solid. If you divide 750 by 21, the number of 
words to the square inch for that size of type, you will find 
that the copy will require approximately 36 square inches of 
space. You can allow 4 inches by 9 inches or 3 inches by 
12 inches, or any other combination of width and depth 
that will make up the 36 square inches on your layout. 
You can also use this table to find the number of words 
that will fit in a given space and have copy written to fit. 

A more accurate method of copy fitting is known as the 
character-count method. To use the character-count method, 
you must first determine the number of characters in the 
copy. Figure 15-13 shows a quick way to count the charac- 
ters and spaces in a typewritten manuscript. 

After you have found the total number of characters in 
the manuscript, you must divide it by the average number 
of characters that will fit into a line set in the style and 
size of type that you wish to use. This will give you the 
number of lines that your copy will fill. You can find the 
average number of characters to the typeset line by counting 
the characters in a line set to the proper width in the size 
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and style of type that you are going to use. If you count 
the characters in several lines and average the totals, you 
will get a more accurate count. 

Then take a ruler and measure the typeset ropy to see 
how manv lines will go in an inch. Divide this number 
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Figure 1 5-1 3. — Method for counting characters and spaces in a manuscript. 

into the number of lines that the copy will fill, and you will 
find the total length of your manuscript in inches. But you 
must also make allowance for headings and illustrations. 
And in some books, you must take into consideration the blank 
space above chapter headings and the blank space at the ends 
of chapters. 

Marking and Keying Copy 

After you have drawn up a complete and accurate layout; 
your next step is to write in instructions for the printer. 
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Both art and iiianu>cript copy should be keyed to the layout. 
Other instructions may I u» written on the layout, but more 
often they are written on the manuscript You should in- 
dicate the idle and kind of type, the leading desired, and the 

dimei of t \ pr areas. Von should cheek to be sure that 

the ait copy i> marked to reduce to the size shown on the 
layout and then key the art copy to the layout with number 
or letter, a> shown in figure 15-14, Hie manuscript copy 
may also be keyed to the layout, as shown in figure 15-15. 




>5 f«A* 

Figure 15—14. — Art copy keyed to a layout. 
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Prepared copy. 




TYPE PAGE ■ X 42 PICAS. TRIM SIZE: 44 X 57 PICAS 
COLUMN WIDTH 12 PICAS. BODY TYPE KV 12 CENTURY EXPANDED . 



Two-page layout. 

Figure 15-15. — Manuscript copy marked for type and keyed to layout. 
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Prepared copy. 



i4rt IT* >H^M iSS ffih^x^ 




Two-page layout. 

Figure 15-15. — Manuscript copy marked for type and keyed to layout — Con. 
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ILLUSTRATION 

An illustration may be purely decorative or it may be 
the graphic means of conveying a message. It may consist 
of a realistic three-dimensional scene or an abstract pattern. 
In any case, a good illustrator must be a master of both 
design and composition, and he should know how to use line, 
tone, and color to show form and mood. 

Composition and Dosign 

The composition of an illustration means the arrangement 
of the various elements in the illustration, or the plan of the 
illustration. The word design may be used to mean the same 
thing or it may be used to mean a decorative element. Good 
composition gives the viewer a sense of harmony and com- 
pletion; the story is all there; the different elements are 
working together toward a common end. Actually the same 
methods may be used as those discussed under layout, but 
in pictorial illustrations, a third dimension is added. The 
artist must compose not only a surface pattern but also a 
pattern in depth. 

When an illustration is to be combined with lettering or 
type as in a poster, a layout or comprehensive is usually 
made. This should be drawn the size the poster will be 
when it is printed, but the artist may render the illustration 
as much as twice this size, keeping in mind the effect that the 
reduction will have. If the lines of the enlarged rendering 
are too close together, the space between them may fill with 
ink when the illustration is printed. On the other hand, 
lines which are not strong enough will fade out. 

When you compose an illustration, first decide what ele- 
ments you will use and the order in which these are to be 
emphasized. Then work out the surface pattern of the il- 
lustration in line and tone so that the proportions are pleas- 
ing, the elements balance each other, and there is contrast 
and direction. At the same time, keep in mind that the il- 
lustration must hang together as a unit. 



493 




494 




Figure 15-17. — The page should be balanced, whether the illustration Is 

balanced or not. 
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In order to do all this, you may make several preliminary 
sketches. (See fig. 15-16.) When you have decided on the 
elements and their general relation to each other, use tracing 
paper to work out the pattern of the lines, the tones, and 
the colors if you are using color. 

The lines of an illustration serve to direct the eye of the 
viewer. They are the framework of the illustration. They 
can be used to point to the most important element. They 
may repeat for emphasis, alternate, or contrast. No less im- 
portant than the obvious lines are the implied lines — un- 
finished lines that are finished by the mind of the observer 
or lines indicated by the edge of a form here and a change 
of tone or color somewhere else. 

Tones, and colors when they are used, provide the most 
obvious contrasts. As in layout, they must be balanced if the 
illustration is to appear balanced. However, when the il- 
lustration is to be used as one element in a layout, it does 
not have to be balanced in itself, provided the page or spread 
is balanced as a whole. (See fig. 15-17.) 

Strong contrasts in tone usually make an illustration's im- 
pact stronger. Also tone can be used to emphasize important 
elements. Very strong contrast should be reserved for the 
most dramatic elements. When elements in the background 
are rendered in gray tones and the darkest tones, as well as 
the whites, are used on foreground figures, they will stand 
out dramatically from the background. (See fig. 15-18.) 

Like contrasting tones, contrasting textures can be used 
to add to the dramatic effect and to the naturalism. Differ- 
ent materials, such as metal, glass, cloth, and hair, differ 
radically in their surface texture. If you observe these dif- 
ferences carefully, you can learn to suggest the texture with- 
out cluttering up your illustration with too many details. 
Often a detail of texture on a lighted portion of an object is 
enough to suggest the texture of the whole. (See fig. 15-19.) 

Form is of first importance in an illustration. In a layout, 
form or shape is limited to a certain degree by the physical 
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Figure 15-19. — A suggestion of texture is often enough to add to the dramatic 

impact of the illustration. 

facts of printing makeup, type size, and copy length. But in 
an illustration, no such limitations are imposed, except that 
in letterpress printing the illustration should not be planned 
so that it projects into the typeset areas. Otherwise an illus- 
trator may utilize the utmost in contrast in form. He may, by 
differences in the sizes of forms alone, suggest great depth or 
distance, as illustrated in figure 15-20, or he may use contrast- 
ing shapes for their dramatic impact alone. 

In rendering natural forms, remember that more details 
can be seen in close objects than in those in the distance. To 
help produce an illusion of reality, simplify more distant 
forms. Also notice that when you look directly at an ob- 
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Figure 1 5—20. — Contrasts in form to indicate depth or distance. 

ject, you see it in greater detail than the objects to each side 
of it. This fact can be used to focus attention on the most im- 
portant or dramatic forms in an illustration. When a form is 
rendered in detail and the forms surrounding it are sug- 
gested rather than finished, it will stand out and attract the 
eye of the viewer. 

Anatomy 

The first step in learning to draw the human figure con- 
sists of learning to visualize the figure as a solid, a thing of 
muscles and flesh on a framework of inflexible bone. The 
bones can be bent only at the joints, and most joints will bend 
only in one direction. Study the skeleton shown in figure 
15-21 carefully. Notice that the bones have individual 
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Figure 15—21. — View of a human skeleton. 
500 



shapes. Notice particularly the shapes at the joints of the 
knees, ankles, elbows, and wrists. 

Now look at the figure in 15-22. Here the figure on the 
left is represented in the same positions as in figure 15-21, 
but in this case, the major muscles are drawn superimposed 
on the skeleton. In figure 15 a nude figure is shown in the 
same positions. 




Figure 15—22. — Views of human figures showing major muscles. 



501 




Figure 1 5-23. — View of human figure. 
502 



Figure 15-24. — Clothed figure. 
503 



When the figure is clothed, the folds of the clothing must 
still conform to the shape of skeleton and muscles under- 
neath. (See fig. 15-24.) Make a practice of studying the 
way the folds fall in the clothing of the people around you. 
Notice that there are two types of folds. Some folds fall 
from points where the body supports the cloth. Another 
type of fold is the cross fold formed in places where the 
body bends and the cloth is rumpled instead of pulled tight 
and straight. 

The female figure has the same general proportions as the 
male figure, the same bones in the skeleton, the same muscles, 
but there are variations in the proportions of the parts. The 
bones are, in general, slighter, the shoulders not so wide, and 
the pelvis wider. (See fig. 15-25.) The muscles are less 
developed, and a layer of fat under the skin causes the figure 
to appear less angular and more softly rounded. (See fig. 
15-26.) 

Heads, both male and female, may be classified as square, 
round, or oval, but actually all heads are variations of the 
oval or ovoid shape. Knowledge of the bony structure, the 
disposition of cartilage, as in the nose, and the muscles is 
especially important if you are to do a successful rendering 
of a head. Figure 15-28 shows two skulls and several fin- 
ished studies of heads. Note the cheekbone in the skulls and 
its effect in the finished heads. 

The eyes are large, round balls set in the sockets of the 
skull and with both a top and a bottom lid. The dark pupil 
is surrounded by an iris, and this in turn by a creamy or gray 
white coating on the eyeball. Notice the construction of the 
eyelids in figure 15-28. The expression of the eyes can be 
sharpened by the addition of highlights on the pupil or 
iris. In orientals, the eye is constructed the same way, but 
the outside corners of the eyelids are caught up so that the eye 
opening slants. 

The nose is constructed of cartilage extending out from 
the bone of the skull. The nose in figure 15-29 A has been 
drawn as if it were made up of a number of flat planes in 
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Figure 1 5-25. — Female skeleton in two positions. 
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Figure 15—26. — Female figures. 
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Figures 15-27. — Studies of skulls and heads. 
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Figures 15-27. — Studies of skulls and heads. 
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Figure 15—28. — Construction of the eye. 



order to emphasize the construction. The same is true of 
the mouths shown in figure 15-29B. Figure 15-29C illus- 
trates an ear with the same emphasis on the planes. 

Hands are one of the most difficult things to draw w6ll. 
Study your own hand and make a few sketches of it similar 
to those in figure 15-30 A. Note how the tendons fan out 
from the wrist to the fingers and the thumb and how the 
wrist is formed. 

Feet are also interesting but difficult to draw. (See fig. 
15-30B.) After you have done some sketches of feet, try 
drawing them in shoes. Note how the shape of the shoe con- 
forms to that of the foot, and the difference in shape between 
an old shoe and a new one. 

Arms and legs are illustrated in figures 15-30C and 
15-30D. Study these and then turn back to figures 15-21, 
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Figure 1 5—30. — Sketches of hands, feet, arms, and legs. 

15-22, and 15-25, which show the bones and muscles of the 
arms and legs. 

Once you have learned to think of human figures in terms 
of solid bones and muscles, you can apply the same thinking 
in drawing animal figures. The horse, dog, and cat in figure 
15-31 were each drawn first with construction lines. The 
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Figure 15—31. — Horse, dog, and cat. 

skeletons contain very much the same structures as that of 
man, and the muscles are generally the same. The chief 
skeletal difference consists of the modification of the limbs. 
The horse, for example, runs on what would be fingers and 
toes in man. He even has atrophied toes and fingers behind 
the hooves on his legs. 
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Cartoons 



The difference between a cartoon and a straight illustration 
is that the illustration hints at the story which it accompanies, 
while the cartoon usually is the story itself. The cartoon, 
therefore, has to show something very definite and show it 
clearly. It must be, first of all, expressive. The cartoonist 
is free to exaggerate as much as he chooses, so long as he 
adds to the expressiveness of the cartoon with his exaggera- 




After drawing by Jay N. Darling 
Figure 1 5-32. — Sketch with free linei and a maximum of expretsiveneu. 
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tion. He also does well to eliminate as many of the non- 
essentials as possible. 

You may start out to become a cartoonist by copying the 
styles of other artists, the funny sailor and the pretty girl, 
but if you have the makings of a good cartoonist, you will 
start before long to develop a style of your own which is based 
on real knowledge of what people look like and how they 
feel. 

In order to be a good cartoonist, you must know anatomy, 
know the techniques of drawing, and be a shrewd observer 
of people. A cartoon may be a violent distortion of reality, 
but if it is a good cartoon, the distortion is there, not for 
distortion's sake alone, but in order to express most forcibly 
a real fact about real people or things. 

If you want to learn to draw cartoons which express real 
emotions or actions clearly, carry a sketch pad with you when- 
ever you can and make on-the-spot sketches of the people 
you see. Try to draw them quickly and with as few lines as 
possible. At first the results will probably disappoint you, 
but keep at it until you can draw almost any pose you see 
with such facility that it is like writing. This will also help 
you develop a free and easy style of drawing. (See fig. 
15-32.) 

Expression 

Cartooning becomes a fine art when the figure in the cartoon 
is drawn so as to express a distinct and complex personality. 
Start by learning to express single emotions. Remember that 
facial expression and the attitude of the body should be 
consistent. 

Facial expression is produced by the movement of the 
movable parts of the f ace — the mouth and the muscles around 
it, the eyelids, eyebrows, even the wrinkling of nose or fore- 
head. For example, in figure 15-33, a number of emotions are 
expressed simply by changing the shape or position of the 
mouth, eyes, and eyebrows. 

When the face assumes a happy expression, the movable 
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7o HORRIFIED 




9c SCORNFUL 


HOo PATHETIC 



Courtesy Coulton Waugh 
Figure 15-33. — Facial expressions. 



514 



parts of the face are lifted. The corners of the mouth are 
pulled up and out. The cheek muscles are bunched by this 
action so that the lower lid of the eye is pushed up and 
the eye almost closed. The eyebrows are raised. 

To make the face unhappy, the corners of the mouth are 
dropped. Notice that the lines of the eyebrows are lowered 
but are a little higher toward the bridge of the nose, giving 
a pathetic cast to the face, whereas in the next figure, deter- 
mination is expressed in part by brows that lower toward 
the nose, as well as by the outthrust chin and lower lip. 

In anger, the brows are pulled still further down, and a 
frown wrinkle forms between them. Surprise is expressed by 
raised brows, a dropped chin, and widened eyes. Horror is 
an exaggeration of surprise. The brows are arched, as well 
as raised. The mouth is pulled open, causing tense lines to 
form from the nostrils downward. The eyes are widened 
still further, until they look as if they might drop out. The 
hair looks as if it were standing on end. 

Smugness is expressed by a slight smile, raised brows, al- 
most closed eyes, and a head tilted backward. Scorn is shown 
by lowered brows and lowered corners of the mouth which 
form harsh lines downward from the nostrils. Pathos is 
expressed by raised eyebrows which are higher toward the 
center of the forehead, closed eyes, and slightly parted lips 
with the corners pulled slightly downward. The head, re- 
laxed and tilted to one side, and the rumpled hair add to the 
pathetic appearance. 

Now look at each of these heads and imagine how the rest 
of the body would be drawn to match the facial expression, 
and you will see how important the position of the body is 
for the expressiveness of the cartoon. If a pathetic, drooping 
body is combined with a determined or a horrified facial 
expression, the result is incongruous. 

COLOR 

In nature, color is an effect of light. Without light, there 
is no color. Each color has a different wave length, and white 
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light is a product of all the lights of different colore or wave 
lengths. Light falling on surfaces of differing textures and 
consistencies is reflected and absorbed in different ways. 
Furthermore, many surfaces are selective. That is, a sur- 
face may absorb almost all of the colors except one. That 
color will penetrate only the top layer of the surface and then 
be reflected from it in such a way that the surface will appear 
to be composed of this one color. For example, a red tabletop 
reflects the red light which falls on it and absorbs most of the 
other light waves. In the same way pigments of the paint you 
use reflect certain colors and absorb the others. 

Since the absorbtion of the light rays is never complete, 
the color of objects is never flat. Also some white light is 
usually reflected as a highlight on the object. As a conse- 
quence r in nature, a color is made up of a great number of 
hues, so that if an artist paints a red table with red pigment 
only, the painting will be dead in color in comparison with 
the real table. On the real table, many variations of light 
produce many subtle variations of hue, and the artist must 
paint the table with similar variations of hue, as well as of 
value, if he is to represent the real table adequately. 

The commercial artist whose work is to be printed faces 
certain difficulties in this respect. In most printing proc- 
esses, each separate color requires a separate plate and often 
a separate press run. This makes the use of even one color 
expensive. If more than one is to be used in order to ap- 
proximate the number of hues in nature, the process becomes 
considerably more expensive than black and white reproduc- 
tion. 

Printed Color 

When two colors of ink are used in printing a publication, 
usually one of the inks is black. Black ink contrasts with 
the paper and is generally easier to read. Occasionally, pub- 
lications are printed in blue and a second color, or brown and 
a second color, in order to achieve certain effects. 

In two-color printing, the second color of ink may be used 
for headings or initial letters or as backgrounds or frames 
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D 

Figure 15-34. A. Flat color printed full strengrh. B. With 80% screen. 

C. With 50%. D. With 20%. 

for headings or artwork. Color printed in this manner is 
called flat color. Flat color spots may be full strength or 
they may be reduced in strength. Color blocks may be pro- 
vided by the artist, especially if the color spot is irregular 
in outline, or they may be made up by the printer. 

A printer may regulate the strength of a color spot by us- 
ing special patterns called Ben Day or by screening the area 
with a regular halftone screen which may be adjusted to form 
dots of various sizes. The ratio of color to white space, and 
therefore, the percentage of color concentration, depends on 
the size of the dots. In this case, the artist indicates the 
percentage of color concentration desired. (See fig. 15-34.) 
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Since the value of colors vary, no generalization may be 
made concerning the best percentages for certain purposes. 
A dark red may print as a fine, clear pink when a 20 percent 
screen is used, while a 20 percent tint printed in light red 
ink will appear too light and faded. 

When the color spot is more than a simple square or rec- 
tangle, artwork should be prepared for it. If it is to be 
printed with artwork, it may be prepared as an overlay to 
the artwork. In that case, it may be rendered with black 
ink if it is to be printed full strength. If it is to be reduced 
in strength, shading sheets may be used. 

There are shading sheets designed especially to be used in 
preparing color copy. Some of these sheets are colored a 
golden orange which will photograph black rather than a 
shade and will therefore print as full strength in the color 
selected. When one of these sheets is used, it is placed over 
the artwork and the color is scraped off the clear acetate with 
a stylus wherever no printed color is wanted. The resulting 
separation drawing will look like the separate tone outline 
in figure 15-35B, except that it will be in color. Figure 
15-35C shows the tone printed as a color in register with the 
artwork. 

The copy for the color plate, or for several color plates, 
may be prepared as a separate piece of artwork called a 
mechanical. For example, figure 15-36 shows the artwork 
for the cover of a publication which was printed in black, 
yellow, and blue. The unit shown in figure 15-36A is the 
basic mechanical. This was prepared the actual size of the 
cover, plus a bleed. The artwork for the yellow and blue 
plates could have been prepared as black mechanicals, or it 
could have been simply indicated by their outlines drawn in 
red on the original mechanical. Red will photograph and 
yet signify to the engraver that the lines are only guides. 

The photographs were pasted up separately because they 
were of a larger size. (See fig. 15-37.) A photostat of the 
pasteup was placed on the mechanical to show the placement. 
(See fig. 15^36B.) 

Figure 15-37 shows the finished cover in all three colors. 
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Figure 15—35. — A. Block and white artwork. B. Color separation drawing. 

C. Both platot printod in register. 
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Figur* 15-37. — Finished cov«r. 
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A second color may also be printed as a halftone, instead 
of flat, or as a duotone. For duotone, both the black plate 
and the second color plate are made from the same copy but 
with a shift in the halftone screen so that the dots of the two 
plates are not superimposed. 

Process color is the term used for full-color tone repro- 
duction. In order to get perfect reproduction of original 
artwork, many colors may be used, although most commer- 
cial process printing consists of four-color work. This is 
based on the fact that most colors can be approximated from 
a mixture of the primary colors — red, yellow, and blue. 
However, in process colors, the red is closer to a magenta 
than a vermilion, the blue is rather pale and greenish, and 
only the yellow is the bright, clear shade we usually think 
of as a primary color. Black is the fourth color and is used 
to darken the other colors and create greater depth. How- 
ever, a reproduction in process color rarely approaches the 
clean, rich color of a good original. 

Artwork to be reproduced in full color is usually rendered 
in full color and the separation left to the printer. If you 
use colors in your rendering which are similar to the inks 
the printer uses, you are likely to get better reproduction of 
the artwork. There are, on the market, special fluorescent 
water colors which may be used to prepare colored artwork 
to be reproduced. These colors look like any other colors 
under ordinary lighting but fluoresce, or shine, under ultra- 
violet light so that they are especially adaptable for repro- 
duction by photographic processes. 

Figure 15-38 shows an enlargement of a section of process 
color work, revealing the screen structure. If this is viewed 
from the proper distance, the dots will disappear and the 
continuous tone of the original will be simulated. 

Figure 15-39 shows how four-color printing is done. A 
plate is made for each of the colors. Although the means 
by which this is done in different printing processes varies, 
the basic principle is the same. The artwork is first photo- 
graphed for each color separately. A different colored filter 
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Above, enlargement showing screen structure. If viewed from 
the proper distance, dots will disappear and continuous tone of the original 
will be perfectly simulated. Below, screen angles. 



Angles for 
2 colors 

For the YELLOW 

For the RED 

For the BLUE 

Foi the BLACK 



rf y it? 




Angles for 
3 colors 




Angles for 
4 colors 



plate the VIOLET Hi Filter is used 

plate the GREEN H Filter is used 

plate the ORANGE HI Filter is used 

plate the YELLOW Filter is used 

Courtesy Horan Engraving Co. 



Figure 15—38. — Enlargement of four-color print. 
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is inserted in the camera for each color, except the black. 
Each of the filters screen out certain colors while making one 
photograph sharply. Since color separation is not more 
than 60 percent accurate, the negatives must be corrected for 
color before the plates are made. Correcting consists of 
staining or building up areas of the negative to make some 
areas of the cut light and reducing or etching areas of the 
negative to darken them. Finally, the negatives are trans- 
ferred to plates and the finished plates are printed suc- 
cessively in register on the paper so that color is built up 
until a full-color print results. 

Color Characteristics 

A hue is a particular color, which is distinct from all other 
colors. A true red is a hue and so are orange red, violet, 
green, yellow, and yellow green. The hues of the spectrum 
blend together, but each gradation of the blend is a different 
hue. Only a few of these hues are shown on the color wheel 
in figure 15-40. 

In order to identify colors, however, we need to know 
more than the hue. Each hue on the color wheel in figure 
15-40 is represented in a single value. Actually each may 
be had in any value between white and black. For example, 
a hue of orange red may be lightened until it is almost white 
or it may be darkened until it is almost black, and it remains 
an orange red in hue. Under the color wheel in figure 15-40, 
both hue and value are represented with the hues approach- 
ing white in value at one end and black in value at the other. 

The third property by which color is identified is its in- 
tensity or chroma. For example, the orange red may be 
grayed, usually by the addition of a little of its comple- 
mentary color, that is, the color across from it on the color 
wheel. It will still be basically orange red in hue; it may 
have the same value exactly ; but it looks different. This dif- 
ference is one of intensity or concentration of the pigment 
of the hue. This grayed hue, in turn, may be rendered in 
all the values from white to black. 
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Figure 1 5-40. — Color wheel and valuo scale. 
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There is one more property of color that influences the 
way it appears and this is not so easy to measure as hue, 
value, or intensity. The way that a color appears in a color 
scheme is influenced by the color or colors next to it. An 
orange red against a neutral gray will cause a different 
sensation from that caused by the same orange red against 
a green. In order to use color to the best advantage, you 
must be able to feel such differences. 

Many different schemes have been worked out to help 
artists select colors which will form pleasing combinations. 
One of the simplest is the monochromatic, in which dif- 
ferent values or intensities of the same hue are used. 
Another is the analogous, in which hues closely related on 
the color wheel are used. One of the simplest of all may 
be called the dominant. In this, one hue, such as a red, is 
used with a warm or a cool gray or both. 

Some of the more complex schemes include the comple- 
mentary, split complement, and the triad. The comple- 
mentary consists, as its name indicates, of two hues which are 
complements, that is, opposites on the color wheel. (See 
fig. 15-40.) The split complement is composed of a hue 
and the hues on each side of its complement. For example, 
if violet is used, its complement is yellow, and the hues on 
each side of yellow — orange yellow and green yellow — would 
be used. The triad consists of three hues located at equal 
distances on the color wheel. 

Always remember that the use of one of these schemes is 
no guaranty that the color combination will be pleasing. 
Keep your eyes open for color combinations that give you 
pleasure, and study them to see if you can determine what 
makes them pleasing. 

QUIZ 

L What is a signature? 

2. (a) How is the chisel-point pencil used to make gothic letters? 
(b) How is it used to make roman? 

3. Why should you use large, black type sparingly on the printed 
page? 
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4. (a) How many points are there in a pica? (b) How many picas 
in an inch? 

5. Why are roman type faces generally chosen for body type? 

6. What is the effect of narrow margins on a page? 

7. What is a double spread? 

8. In an illustration, where should the strongest contrasts of tone 
be used? 

9. What is color? 

10. Why do some surfaces appear to be one color and others another? 

11. Why is it that the color of real objects is never flat? 

12. Why is it expensive to produce in printing a full-color duplicate 
of the original subject? 

13. When the second color in two-color printing is used for color 
spots as type, backgrounds, or frames, what is it called? 

14. How would you indicate to the printer that a color spot is to be 
printed in a reduced strength? 

15. What is a mechanical? 

16. What does the word reverse mean when it is used as an in- 
struction to the printer? 

17. What does the word flop mean on artwork? 

18. What Is meant by process color work? 

19. How is artwork for full-color tone work usually rendered? 

20. When you render full-color work to be printed by the four-color 
process, would you think it wise to use colors as close as possible 
to the inks that will be used? 

21. What is meant by the hue of a color? 

22. What is value? 

23. What is intensity or chroma? 
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APPENDIX I 



ANSWERS TO QUIZZES 
CHAPTER 1 

HOW YOU FIT IN 

1. Twelve months. 

2. The Draftsman 2 training course. 

3. On the military requirements for the E-5 pay grade and the pro- 
fessional qualifications for Draftsman 2 as prescribed in the Man- 
ual of Qualifications for Advancement in Rating, NavPers 10068. 

4. Engineering handbooks contain material for reference which can't 
be remembered in detail and which is usually either tedious or im- 
possible to compute. 

5. In the Catalog of Navy Material or in the Navy Stock List which 
constitutes part of the Federal Supply Catalog. 

6. In the Index of Specifications and Standards, Used by Depart- 
ment of the Navy, Military Index, Volume III. 

CHAPTER 2 
INSTRUMENTS AND EQUIPMENT 

1. The case protects them from falls or from unnecessary pressures 
that may break or warp them, and the lining of the case helps 
prevent tarnishing or corroding. 

2. Because there is no way to tighten a tongue joint after it has 
become worn. 

3. The joints are bent and the points are brought together. 

4. There will be difficulty in getting ink to flow. 

5. A hard, fine-grained oilstone. 

6. With the nibs screwed together, the pen is stroked lightly and 
evenly on the stone, starting at an angle of about 30° to the stone 
and swinging up to the vertical. 
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7. They are separated, then the outside surface of first one nib and 
then the other Is moved across the stone with a rocking motion. 

8. Stoning the inside surface may result in a slight convexity which 
is very undesirable. 

9. The sliding pivot is moved until the desired ratio is obtained be- 
tween the two sets of points. 

10. To ensure cleanliness and to protect the board against nicks and 
scars. 

CHAPTER 3 
PICTORIAL DRAWINGS 

L The lines on perspective drawings are not drawn in proportion 
to the edges on the object. 

2. Equal measure. 

3. Isometric projections are made to a foreshortened isometric scale, 
whereas Isometric drawings are made to a full scale. 

4. 120°. 

5. Isometric line. Non-isometric line. 

6. When the long axis is parallel to the picture plane, the unpleasant 
effects of divergence are avoided. 

7. By the co-ordinate method. Co-ordinate lines which are isometric 
lines are drawn to locate points on the non-isometric lines. 

8. The co-ordinate method and the four-center method. 

9. An isometric plane or a plane parallel to an isometric plane. 

10. In the same isometric plane with, or in an isometric plane per- 
pendicular to, the surfaces which are to be dimensioned. 

11. Parallel to the viewing plane and undistorted as if it were an 
orthographic view. 

12. At any angle except parallel or perpendicular to the horizontal. 

13. A cabinet drawing. 

14. Because the circle or irregular outline will appear distorted on the 
receding planes. 

15. Because oblique drawings with long receding lines, drawn parallel 
to each other and not converging, appear distorted. 

16. The major axis is at right angles to the shaft or rotation axis. 

17. Objects appear smaller in proportion to their distance from the 
eye and receding lines converge to a vanishing point. 

18. At an angle of 45°. 

19. Shifting the center of the circle and springing the compass. 
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CHAPTER 4 



MATHEMATICS 

1. Three. 

2. The fact that ratios between any two designated sides of a tri- 
angle are the same as those between the corresponding sides of 
all similar triangles. 

3. The trigonometric functions. 

4. Because the sine of the angle represents the ratio °PP°3ite side^ 

hypotenuse 

and in the second quadrant, the values of both of these sides are 
positive. 

5. An angle of 76°. 

6. The origin. 

7. The quadrants. 

8. (a) The abscissa, (b) The or axis. 

9. The circle, ellipse, parabola, and hyperbola are called conies be- 
cause they can be thought of as sections of a cone. 

10. A parabola is a curve any point of which is equidistant from a 
fixed point, called the focus, and a fixed line, called the directrix. 

11. A hyperbola is generated by a point moving so that the difference 
of its distance from two fixed points, called the focuses, is constant. 

12. (a) A cycloid is generated by a point on the circumference of a 
circle that is rolled along a straight line, (b) An epicycloid is 
generated if the circle is rolled along the outside of another circle, 
(c) A hypercycloid is generated if the circle is rolled along the 
inside of another circle. 

13. A helix is a curve in space which is generated by a point moving 
uniformly along a straight line which revolves around an axis. 

14. The lead of a helix is the distance parallel with the axis which the 
point advances in one revolution. 

15. They can be added in problems of multiplication and subtracted 
in problems of division, thus shortening the arithmetical processes 
involved. 

16. A base of 10. 

17. It indicates integral powers of 10 contained in the given number. 

18. It is the number obtained by raising the base to the power indi- 
cated by a logarithm. 

19. The A and B scales are used to find the squares and the square 
roots of numbers. 



532 



20. Place the hairline on the indicator over the number on the D 
scale and read the square under the indicator on the A scale. 

21. Place the indicator over the number on the A scale and read the 
root under the indicator on the D scale. 

22. The left scale or section. 

23. The left section. 

CHAPTER 5 
MACHINE PARTS 

1. Ferrous metals are those whose major proportion is iron; non- 
ferrous metals are those whose major proportions are not iron. 

2. Pig iron. 

3. Cast iron, wrought iron, and steel. 

4. Its brittleness and low tensile strength. 

5. Carbon and iron. 

6. Low carbon steel can be easily cut, shaped, and welded. When 
the carbon content of the steel is over 0.75 percent, it can be 
readily hardened. 

7. Its quality as a conductor of electricity. 

8. (a) Brass, (b) For protection of ships' hulls and machinery 
against galvanic action caused by salt water. 

9. Because pure aluminum is soft and not very strong. 

10. Annealing, normalizing and hardening, which includes tempering 
and case hardening. 

11. Thermosettings are heat hardened and will not burn readily, nor 
do they soften in hot water and absorb moisture ; thermoplastics 
are not heat hardened and when heat is applied to them, they 
will either melt or become soft and pliable, some even absorbing 
a certain amount of moisture if they are placed in hot water. 

12. These are metal products which require a high finish or close 
dimensional tolerances. 

13. Casting is that process in which metal is melted and poured into 
molds where it is allowed to cool and harden. 

14. The draft of a casting is the taper of the sides. 

15. Forging is the process of working metal by hammering it into the 
desired shape after it has been heated to a plastic state. 

16. It involves the forcing of hot metal through an opening in a die, 
causing the metal to take the shape of the die. 

17. Turning, planing, milling, and drilling. 



533 



18. Grinding is used on a metal part to produce a smoother surface 
than can be produced by a cutting process. 

10. In the Catalog of Navy Material. 

20. The number of teeth to each inch of pitch diameter or number of 
teeth divided by the pitch diameter. 

21. (a ) The addendum is the height of the tooth above the pitch circle, 
(h) The dedendum is the length of the portion of the tooth from 
the pitch circle to the base of the tooth. 

22. A spur gear is distinguished by the fact that the teeth are cut 
squarely across the outer rim of the gear blank in a direction 
parallel to the gear shaft axis. 

23. No. 

24. Bevel gears have teeth cut on an angular face for transmitting 
motion between shafts that are set at an angle to each other but 
are in the same plane. 

CHAPTER 6 
DEVELOPMENT OF SURFACES 

1. Plane, plane-curved, warped, and double-curved. 

2. Unfolding or unrolling the surface of a three-dimensional figure 
into a flat plane. 

3. Parallel development, radial development, and triangulation. 

4. For surfaces, such as prisms or cylinders, where the elements 
may be said to be parallel. 

5. For surfaces, such as cones or pyramids, on which lines may be 
said to radiate from a single apex. 

6. Surfaces which do not lend themselves to the other two methods. 

7. With crosses near their ends. 

8. The measurements of the edges to be joined should be checked 
to ensure that these edges will correspond exactly. 

9. The Intersection of the elements are located on orthographic views 
and then projected or transferred to the development. 

10. (a) When a line appears as horizontal in the top view, the corre- 
sponding line in the front view is its true length, (b) When a 
line appears as horizontal in the front view, the corresponding 
line in the top view is its true length. 

11. The line may be rotated to the horizontal by drawing an arc to 
the horizontal with the line as a radius. 

12. The limits of these other edges may be projected onto the line of 
this edge in order to determine the true lengths. 

13. The center of one end of the piece is not in line with that of the 
other end. 

14. It is more practical for many types of figures, especially those 
involving warped surfaces. 
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15. The lines may be rotated to the horizontal in one view and the 
point thug found projected to the other view, or a true-length 
diagram may be drawn. 

16, (a) The length of the base line of each right triangle equals the 
length of a line in the top view, (b) The altitude of the corre- 
sponding line in the front view, (c) The true length of the line. 



CHAPTER 7 

HEATING, VENTILATING, AND AIR CONDITIONING 

1. For the comfort of personnel and for the preservation or best func- 
tioning of equipment 

2. The air contains half as much water as the maximum it can 
absorb. 

3. Outside temperature, material of the walls, thickness of the walls, 
the amount of sunlight, and the heat given off within the enclosure. 

4. Steam, hot water, and circulated warm air. 

5. Oil-fired heaters and steam heat. 

6. Because flammable vapors may be present. 

7. With proper authorisation, additional units could be added. 

8. To preserve watertight integrity. 

9. It should be waterproof. 

10. In a supply line as near as practicable to the intake. 

11. Centrifugal and axial flow. 

12. On an exhaust line which might contain flammable vapors. 

13. In a branch main. 

14. The cfm of air to be delivered. 

15. The whole system may be thrown off balance in so far as the 
proportion of air delivered to various compartments is concerned. 

16. To prevent obstruction of air flow and to cut down noise. 

17. Welded seam, lapped seam, grooved seam, and double seam. 

18. They produce less turbulence in the airstream. 

19. It proportions the amount of air directed into a branch. 

20. When a duct has to pass through an armor deck. 

21. To cut down the velocity of the discharged air. 

22. An adjustable supply terminal. 

23. When it is necessary to prevent condensation or objectionable 
gain or loss of heat. 

24. In compartments where the presence of flammable vapors prohibits 
the use of electric machinery. 
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CHAPTER 8 



AERONAUTICAL DRAFTING 

1. 144 inches. 

2. (a) To identify different parts when more than one part is shown 
on a single drawing, (b) To identify right-hand and left-hand 
pert g. 

3. The purpose of the drawing and the custom concerning that 
particular part or assembly. 

4. Plumbing, wiring, and control linkage. 

5. Because of the large sice of many drawings. 

6. The truss type and the monocoque type. 

7. The semimonoeoque. 

8. Both are increased. 

9. Their high strength-to-weight ratio, high resistance to corrosion, 
and comparative ease of fabrication. 

10. The sharpest bend that can be put in a piece of metal without 
critically weakening it. 

11. Round-head, brazier-head, flat head, countersunk head, and uni- 
versal head. 

12. The thickness of the materials to be riveted. 

IS. Cherry rivets, explosive rivets, rivnuts, and loc-rivets. 

14. Use the same spacing as that used by the manufacturer in the 
surrounding area. 

15. To join parts which are under very high tension, parts where 
repeated dismantling is necessary, or parts which are unsuitable 
for fastening by other means. 

16. (a) Self-locking nuts, (b) Non-self -locking nuts. 

17. Screws are, generally, made of lower strength material ; they can 
be installed with a looser thread fit; and the shanks have no 
clearly defined grip. 

18. Attaching cowling, fastening doors of baggage compartments, and 
fastening inspection openings. 

19. Flexible lines are generally used in low pressure systems and for 
attachment of units that are subject to vibration. 

20. To allow for expansion and contraction caused by temperature 
changes and to absorb vibration. 

21. The tube will flatten and tend to wrinkle, kink, or crack. 

22. A smooth curve with no slight reverse curves in it. 

23. No. Templates are usually made from the drawing, and the sheet 
metal parts are made by using these templates. 
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CHAPTER 10 



DRAWINGS, SPECIFICATIONS, AND TAKEOFFS FOR 

STRUCTURES 

1. In the specifications which accompany the drawings of the struc- 
ture. 

2. It is convenient to speak of the scales as equations, but when the 
drawing is reduced from its original size, the equations are no 
longer valid for scaling purposes. However, scaling of the draw- 
ing can still be accomplished by using the graphic scales. 

3. The standard Navy stock number. 

4. O indicates that the particular article is listed in the General 
Stores Section of the Catalog of Navy Material; Y's and C's that 
an article is listed in the Yards and Docks Section. 

5. They contain in writing information on materials, construction 
methods, tests, etc., which it is not practical to put in the drawings. 

6. The takeoff. 

7. A takeoff is a listing of the various materials needed for the job 
which is made directly from the detailed plans and specifications. 

8. When an item is listed in terms of the wrong unit, too much or 
too little of the particular item may be delivered at the job. 

0. Long tons of 2200 pounds. 

10. Board foot 

11. Any measurement equivalent to a board which measures 1 foot 
long by 1 foot wide by 1 inch thick. 

12. Dressed lumber is from M inch to % inch less than the nominal 
size in width and thickness. 

13. Usually, nails are estimated in pounds at so many pounds to 1,000 
board feet measure or at so many pounds to a square of 100 
square feet. 

14. Cement, sand, gravel, or crushed stone, reinforcing steel, finishing 
materials, Materials for forms, and materials for protection 
against freezing. 

15. Concrete is measured as fixed or placed in the structure in cubic 
yards or cubic feet. Moldings, curbs, gutters, lintels, and such 
work are often measured by lineal foot with the other dimensions 
given so that the number of cubic yards or cubic feet may be 
found. Concrete finishing is measured by the square foot or 
square yard. 

16. As three numbers, thus, 1:2:4, with the proportion of cement 
first, the proportion of sand second, and the proportion of gravel or 
crushed stone third. 

17. The chemical action between the cement and the water. 
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18. By weight, assuming that a square bar 1 inch by 1 Inch 12 inches 
long weighs 3.4 pounds. Steel fabric which is sold by the roll or 
sheet should be listed by size of mesh and weight per square foot, 
with the number of square feet given. 

19. By the number of bricks per square foot of wall surface or the 
number of bricks per cubic foot of wall, with allowance for open- 
ings. 

20. Cement, lime, sand, and water. 

21. By the cubic yard or foot, or by the perch, which usually contains 
24% cubic feet but may contain only 16% cubic feet, depending 
on the locality. 

22. A unit of 100 square feet, which is called a square. 

23. (a) Piping, all types of fittings, packing and calking materials, 
and hangers with auxiliaries. 

(b) All plumbing fixtures. 

24. Heat-generating units, heat-distributing units, heat-control system, 
heat-conveying system, and accessories. 

25. (a) Rough work consists of conduit and wiring, 
(b) Finished work consists of electrical fixtures. 



CHAPTER 11 

SURVEYING, COMPUTING, AND PLOTTING 

1. In terms of the curvature of the earth's surface. 

2. Construction surveys, topographic surveys, and hydrographic sur- 
veys. 

3. The foot. 

4. In decimals. 

5. The nearest 0.01 of a foot. 

6. In referring to either the actual point indicated by a numbered 
stake or to the 100-foot unit distance. 

7. In a first or second order survey with the polyconic projection. 

8. An intercepted interval between the stadia hairs on the telescope 
of an engineer's transit is read on a stadia rod which is held at 
some distance from the observing instrument. 

9. The value of the vertical angle which can be used with trigo- 
nometric functions to give the true distance. 

10. A chart with lines joining all places where the magnetic declination 
is the same at any instant. 

11. The purpose of leveling is to determine the difference in elevation 
between points or to determine the elevation at any given point. 

12. It is the method of direct leveling used to determine differences 
in elevation. 
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13. It is used for determining elevations of low-order accuracy, and 
is particularly adaptable to uneven terrain where ordinary leveling 
sights would necessarily be short and to situations such as recon- 
naissance and pipeline surveys where the time element is a prime 
consideration. 

14. It is defined as the field operations of measuring the lengths and 
angles of a series of straight lines connecting a series of points on 
the earth. 

15. It is a drawing board, which can be leveled, mounted on a tripod, 
with an instrument called an alidade on top, which is used for 
taking sights. 

16. It is set up over a station and oriented so that the point on the 
map on the drawing board which corresponds to the station is 
theoretically over the station and lines on the drawing board from 
this point will be parallel to lines on the ground. 

17. For the centerline of roads and railroads which are to be con- 
structed and for other construction projects or as a method for 
determining the intervisibility between two points on a map. 

18. To determine the amount of earth to be moved to bring the ground 
to the proper grade. 

19. The Lambert and Transverse Mercator projections. 

20. They are distances north or south and east or west from a fixed 
point, called the origin, to any other point. 

21. (a) Latitude, (b) Departure. 

22. The protractor and scale method, the tangent method, chord 
method, or the rectangular coordinate method. 

23. When the control system, usually a traverse, is not extensive or 
important. 

24. Plotting by rectangular grid coordinates. 

25. (a) Mean low water, (b) Mean lower low water, (c) Mean 
sea level. 

26. (a) Near the time of the full moon and new moon, at which time 
the sun and moon act together to produce tides higher and lower 
than average, (b) When the moon is in the first or last quarter 
and it and the sun are opposed to each other. 

27. It is the horizontal motion of water resulting from the vertical 
motion caused by tide. 

28. (a) Set. (b) Drift. 

CHAPTER 12 
LETTERING 

L In points. 

2. Twelve points in a pica and six picas to an inch. 

3. The size of the block on which it is cast, rather than the letter 
on the face of the block. 
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4. Because we And it difficult to read. 

5. By its mechanical regularity and hairline thins and serifs. 

6. Since we are accustomed to reading book type which has serifs, 
the sans-serif letters are less legible than roman when they are 
set in blocks or full pages of type. 

7. At this angle the letters are not seen as foreshortened and also 
the pen may be held horizontal, which makes it easier to control 
the ink flow. 

8. When it is held tightly, you cannot feel what the nib is doing. 

9. Because if they are too small, there will be a tendency for them 
to fill with ink when they are reproduced. 

10. Because the optical center is slightly above the actual center of a 
letter. 

11. The space between letters should be roughly equal. The letters 
themselves should be as close to the same width as the different 
letter forms allow, and the spaces, or counters, within the letters 
should be roughly the same. 

12. Learning to see the letters, impressing them on your visual mem- 
ory, and practicing them until the muscles of your hand have 
acquired a muscular memory of the letter forms. 

13. To indicate differing features on the charts. 

14. Type proofs are pulled on special media and the draftsman cuts 
out the letters and places them on the chart. 

15. It means the opening up or stretching of words by inserting extra 
space between the letters. 

16. Its character may alter completely, especially its weight or color. 



CHAPTER 13 



MAPS AND CHARTS 

1. Mean sea level. 

2. The meridian passing through Greenwich, England, near London. 

3. The Equator is taken as the reference parallel. 

4. Degrees, minutes, and seconds. 

5. Clarke's spheroid of 1866. 

6. The international nautical mile of 1,852 meters. 

7. Mercator, gnomonic, Lambert conformal conic, and polyconic. 

8. (1) Conformality. (2) Simplicity of construction. (3) Con- 
venience in plotting positions from the border divisions. (4) The 
fact that a ship's course can be laid otf from any meridian or 
compass rose within its borders. (5) Any straight line drawn 
on it in any direction is a rhumb line, or loxodromic curve. 
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9. The distances between parallels must be increased in proportion 

to the distance from the Equator; that is, by — t or the 
secant, of the latitude. 008 

10. The great circle track line or shortest route on the earth's surface 
between the two points. 

11. (1) For practical purposes there is only one scale for the entire 
map. (2) All directions within standard parallels are approxi- 
mately true. (3) Great circles are very nearly straight lines. (4) 
When applied to large areas of E-W extension or to smaller 
sections within such an extension, it is remarkably accurate. 

12. In the polyconic projection, the earth is considered to be a stack 
of innumerable thin horizontal cone slices. 

13. (1) It is an extremely good projection for areas of wide latitude 
and narrow longitude. (2) E-W direction is fairly accurate. (3) 
There is universal scale, except near E-W boundaries. (4) Calcu- 
lated general tables and mechanical ease of construction make 
for great popularity. 

14. Plan borders and scale borders. 

15. In general, plan borders are used for plans and plan charts with 
nautical scales of 1 : 49,099 or larger. 

16. It means that the chart is reproduced at the sime size at which 
it is executed. 

17. A sounding is a measurement of the depth of water which is 
expressed in feet or fathoms and reduced to the tidal datum shown 
in the chart title. 

18. 1, 3, 6, 10, 20, 30, 50, 100, and 1,000. 

19. They are drawn at even contour intervals like contour lines. 

20. The skill and time it takes. 

21. Because each point on a line represents points of equal elevation 
on the earth. 

22. Generally, every fifth line on a contour line map is called an index 
line and is numbered according to its elevation and drawn heavier 
than the other lines. 

23. Without experience or training in reading contour-line maps, a 
man will find it difficult to visualize the shape of the ground and 
also contour lines are always drawn as smooth, stylized curves, 
whereas the actual texture of the earth may be quite broken. 

24. The universal transverse Mercator (UTM) grid is based on the 
transverse Mercator projection and the universal polar stereo- 
graphic (UPS) grid is based on the polar stereoxraphic projec- 
tion. 

CHAPTER 14 
LITHOGRAPHIC DRAFTSMAN 

1. Lithography. 

2. Film stretches or shrinks with changes of temperature or hu- 
midity; glass is more stable and therefore provides a better 
register. 
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3. When a chart Is too large to he photographed on a single negative, 
the left Ride is photographed on one negative and the right side 
on another. The negatives are then printed side by side on the 
plate but with a gap between them which must be filled in by a 
DML. 

4. It is used for masking out large areas on the negative thus reduc- 
ing the amount of opaquing to be done, and for masking out areas 
which are not to he printed on the plate. 

5. Tusche is a lithographic drawing ink with a greasy base. It is 
used for drawing directly on the zinc plate. 

6. To call them to the attention of the transferrer so that he will 
not fall to etch these areas. 

7. Tint plates. 

8. The base plate. 

9. A plate on which a light blue image has been printed from the 
original or base negative. 

10. Chalk powder offset plates are prepared if the original negative 
is damaged or lost. 

11. Because magenta offers a good contrast to the other colors in 
the chart. 

12. If large quantities of a chart are needed, a second or possibly a 
third zinc plate may have to be prepared in order to get a sharp 
image, and these plates can be made from a tint mask much faster 
than they can be prepared by hand. 

13. A drop of glycerin or red ink. 

14. A gage is a three-pronged brass fork used to make guide lines for 
lettering on the zinc plate. 

15. The prongs of the gage would cut into the plate, and any scratches 
on the plate may print when the job is run on the press. 

16. By opaquing. 

17. Wax type is the trade name for type or cuts printed on sheets of 
waxed cellophane. It is used for paste-up purposes. 

18. By painting over it with a coating of asphaltum before you begin 
engraving. 

CHAPTER 15 



LAYOUT AND ILLUSTRATION 



1. A signature consists of several pages of a publication printed on 
the froitt and back of a single sheet of paper, which is folded to 
bring the pages into their proper order. 

2. (a) It is turned so that each stroke is made with the wide side 
of the chisel, (b) The pencil is not turned and serifs and thin 
strokes are made with the thin side of the chisel. 
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3. Too much black makes the page difficult to read. 

4. (a) Twelve points, (b) Six picas. 

5. The serifs of roman type help bind letters together as words, so 
that it Is easier to read the type. 

6. They make the page look black and crowded and therefore more 
difficult to read. 

7. The facing pages of a publication. 

8. On the most dramatic elements. 

9. An effect of light ; different colors are caused by light waves of 
different lengths. 

10. Surfaces differ in absorbing light rays. Some absorb almost all 
of the light wave lengths except one, and this they reflect in such 
a way that they appear to be composed of this color. 

11. The absorption of light rays is never complete. 

12. In most printing processes, each separate color requires a separate 
plate and often a separate press run. 

13. Plat color. 

14. By marking percentage of color concentration desired in the area. 

15. Artwork prepared to be used by the printer in making a color 
plate or several color plates. 

16. Reverse means that the part so indicated should be printed in the 
opposite color. For example, white lettering on a black ground is 
lettering in reverse. 

17. Reverse in position. 

18. Pull-color tone reproduction. 

19. It is usually rendered in full color and the separation left to the 
printer. 

20. Yes. The process red is closer to a magenta than a vermilion, the 
blue rather pale and greenish, and only the yellow a bright, clear, 
primary shade. 

21. A hue is a particular color which is distinct from all other colors. 

22. Value is the gradation between white and black of a hue. 

23. The amount of concentration of pigments of the particular hue, 
undiluted by gray or by pigment of a complementary hue. 
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APPENDIX II 



QUALIFICATIONS FOR ADVANCEMENT 

IN RATING 

DRAFTSMAN (DM) 
RATING CODE NO. 3200 

General Service Rating 

SCOPE 

Draftsmen prepare, file, and check topographical, hydrographical, 
architectural, structural, mechanical, and electrical drawings, plans, 
sketches, tracings, illustrations, maps, and charts from rough or de- 
tailed sketches, notes, and illustrations, using pencil, ink, colors, or 
lithographic greases; prepare, modify, file, and check statistical charts 
and diagrams from information provided; prepare specifications, ma- 
terial estimates, and bills of material; make, correct, and file blueprints; 
operate blueprint machines or similar printing machines to reproduce 
drawings; letter and sketch; make computations required of drafts- 
men; cut, lay out, arrange, and mount photographs, lettering, and 
sketches to form required patterns, designs, and maps. 

Emergency Service Ratings 

Draftsmen S (Structural), Rating Code No. 3201 DMS 

Work on drawings for construction of airfields, water-front 
installations, pipe lines, buildings, drainage systems, and 
other advanced-base facilities. 

Draftsmen E (Electrical), Rating Code No. 3202 DME 

Work on drawings of electrical, telephone-wiring, and 
power-supply systems. 

Draftsmen I (Illustrators), Rating Code No. 3203 DMI 

Work on drawings, posters, illustrations, and layouts used 
for publicity and as training aids. 

Draftsmen L (Lithographic), Rating Code No. 3204 DML 

Perform drafting work on lithographic plates. 
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Draftsmen T (Topographic), Rating Code No. 3205 DMT 

Work on hydrographic and topographic maps and charts. 

Draftsmen M (Mechanical), Rating Code No. 3206 DMM 

Work on drawings of mechanical devices, machine parts, 
aeronautical structures, ship structures, and heating, ven- 
tilating, and plumbing systems. 

Navy Job Classification! and Codes 

For specific Navy job classifications included within this rating and 
the applicable job codes, see Manual of Enlisted Navy Job Classifica- 
tions, NavPers 15105 (Revised), codes DM-3700 to DM-3799. 



Qualifications (or Advancement in Rating 



Qualifications for advancement in rating 


Applicable rates 


DM 


DMS 


DME 


DMI 


DML 


DMT 


DMM 


100 PRACTICAL FACTORS 
















101 Operational 
















1. Select and use drafting in- 
















struments; choose and use 
















pens for freehand and me- 
















chanical drawing 


3 


3 


3 


3 


3 


3 


3 


2. Read and interpret simple 
















drawings and sketches 


3 


3 


3 


3 


3 


3 


3 


3. Make blueprints, Vandykes, 
















blackline prints, or Ozalid 
















prints 


3 


3 


3 


3 


3 


3 


3 


4. Letter neatly and legibly 
















with lettering devices or 
















freehand in pencil and ink__ 


3 


3 


3 


3 


3 


3 


3 


5. Measure and subdivide dis- 
















tances on drawings and 
















maps 


3 


3 


3 


3 


3 


3 


3 


6. Copy, trace, and delineate 
















cartographic and engineer- 
















ing data 


3 


3 


3 


3 


3 


3 


3 


7. Make simple drawings in 
















ink and pencil 


3 


3 


3 


3 


3 


3 


3 


8. Transfer cartographic and 


• 














engineering data from one 
















scale to another 


3 


3 


3 


3 


3 


3 


3 
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Qualifications for advancement In rating 



9. Select views, layout, and 
make drawings in two-view 
or three-view orthographic 
projections . _ 

10. Identify materials com- 
monly used in construction 
work 

IL Plot geographic positions 
and draw magnetic and 
true course, distance, and 
variation curves. 

12. Operate: 

a. Planimeter 

b. Electric ratio projector 

c. Pantograph 

d. Slide rule _ 

13. Outline and shade land and 
water areas with lithograph- 
ic greases if so assigned 

14. Translate ideas and draw- 
ings clearly and accurately 
into working sketches 

15. Select views, lay out, and 
make isometric drawings 

16. Perform the following com- 
putations: 

a. Reduce survey notes to a 
form suitable for drafting. 

b. Interpolation 

c. Determine local magnetic 
change and annual change 
from the World Variation 
Charts 

17. Letter neatly and legibly in 
ink or pencil in various 
types, including Gothic, 
roman, italic, Old English, 
and modern 

18. Prepare under supervision 
specifications for the follow- 
ing types of work: 



Applicable rates 



DM DM8 DME DMI 



a 

3 
3 
S 



2 
2 



3 



2 
2 



DML 



DMT 



DMM 



3 



3 
3 
3 
3 



2 
2 



2 

2 
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Qualifications for advancement In rating 



a. Electrical 

b. Structural 

c. Mechanical. 

19. Make the following types of 
drawings: 

a. Illustrative layouts in- 
cluding both decorative 
and special posters and 
placards 

b. Mechanical layouts of 
small heating and venti- 
lating installation and of 
small drainage and pump- 
ing systems including pipe 
sizes, valves, and fittings.. 

c. Layouts of electrical dis- 
tribution systems and wir- 
ing diagrams including 
wire sizes and boxes.- 

d. Topographic layouts in- 
cluding profiles, traverses, 
contours, and cross sec- 
tions from notes 

e. Architectural layouts and 
structural drawings and 
details for light wood 
frame, heavy timber, and 
steel structures including 
foundation and footings. . 

20. Make minor changes on 
lithographic plates, match- 
ing lettering styles, sym- 
bols, and features, ac- 
curately preserving and re- 
arranging cartograp hie 
data, and using the proper 
erasing, graining, and draw- 
ing materials and tech- 
niques; mix solutions used in 
lithographic drafting if so 
assigned 



Applicable rates 



DM DM8 DME DMI DMLDMT DMM 



2 
2 
2 
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Applicable rates 



Qualifications for advancement In rating 



21. Select views, layout, and 
make perspective draw- 
ings 

22. Perform detailed drafting. . 

23. Construct a Mercator's pro- 
jection 

24. Make drafting changes on 
lithographic plates, match- 
ing lettering styles, symbols, 
and features, accurately 
preserving and rearranging 
cartographic data, and using 
proper materials and pro- 
cedures for etching and 
counter-etching if so as- 
signed 



DM DMS DME 



102 Maintenance and/or 
Repair 

1. Maintain instruments used 
by draftsmen 3 

2. Care for: 

a. Planimeter 3 

b. Electric ratio projector 3 

c. Pantograph 3 

d. Slide rule 3 



1. 



2. 



103 Administrative and/or 
Clerical 
File drawings, blueprints, 
tracings, and drafting data.. 
Make takeoffs, bills of ma- 
terials, and quantity esti- 
mates from finished drawings. 

3. Check and edit tracings and 
originals for accuracy, work- 
manship, neatness, and con- 
formity to accepted drafting 
standards 

4. Supervise and train personnel 
engaged in drafting opera- 
tions 



1 



3 



DMI DML 



DMT 



Dim 



3 



3 
3 
3 
3 



3 
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Qualifications for advancement in rating 



5. Prepare neat and accurate 
operational and progress re- 
ports and organizational 
charts 

6. Prepare requisitions for draft- 
ing materials or equipment- - 

7. Prepare neat and accurate 
detailed specifications 

8. Organize and administer a 
drafting room or section 

200 EXAMINATION SUB- 

JECTS 

201 Operational 

1. Principles of good composi- 
tion and layout 

2. Drafting or drawing in ac- 
cordance with joint Army- 
Navy standards 

3. Selection of scales, principal 
views, dimensions, and line 
weights 

4. Methods of making b'ue- 
prints, vandvkes, blackline 
prints, and Ozalid prints. 

5. Decimals and fractions; 
computation of areas and 
volumes 

6. Standard symbols and 
nomenclature commonly used 
on the following: 

a. Charts and maps 

b. Mechanical drawings 

c. Structural drawings 

d. Electrical drawings 

7. Conversion of degrees, min- 
utes, and seconds into nau- 
tical and statute miles 



Applicable rates 



DM 


DMS 


DME 


DMI 


DML 


DMT 


DMM 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 
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c 


c 


C 


c 


C 


c 


c 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 






3 


3 




3 


3 


3 








3 


3 


3 












3 


3 


3 








3 


3 


3 






3 


3 
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Applicable rates 



Qualifications for advancement in rating — 



8. Extraction of roots and rais- 
ing of numbers to powers 
by the use of logarithms; 
solution of simple problems 
in plane geometry and trig- 
onometry 

9. Use of mechanical, electrical, 
civil, and architectural en- 
gineering handbooks 

10. Elementary surveying pro- 
cedures; surveying terms 
and instruments 

11. Use of tide and current 
tables 

12. Characteristics and uses of 
Mercator's projection or 
grid 

13. Scaling of geographic fea- 
tures; distinction between 
graphic and numerical or 
natural scales 

14. Use of colors in illustrations 
and drawings 

15. Coordinates of the earth 
and distances on a sphere; 
relative position of the poles, 
equator, and Greenwich 
meridian; magnetic varia- 
tions, magnetic and true 
north, and latitude and 
longitude 

16. Characteristics and uses of 
motors, generators, and 
common electrical devices 
and systems 

17. Characteristics and uses of 
pumps, heating equipment, 
ventilation units and sys- 
tems, water treatment units, 
and similar mechanical 
devices 



DM 



2 
2 



2 
2 



DMS 



2 
2 



Did 



DMI 



DML 



2 
2 



DMT 



DMM 



2 
2 
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18. Construction and uses of 
ship members and struc- 
tures..- 

19. Theory and characteristics 
of polyconic, azimuthal, and 
conformal projections 

20. Principles of drainage; air- 
field layout and advanced 
base design and layout. . . - 

21. Fundamentals of design of 
structures commonly found 
at air stations such as hang- 
ars, runways, control tow- 
ers, GCA stands, seaplane 
ramps, and CIC radar con- 
trol rooms 

22. Principles of statics, includ- 
ing definition of work, 
power, and energy ; mechan- 
ical advantages in the uses 
of levers, pulleys, wheels, 
axles, and inclined planes... 

23. Procedure and method of 
transferring information 
from polyconic and Mer- 
cator's projections to polar 
projections 

24. Principles of running trav- 
erses, topographic surveys, 
hydrographic surveys, and 
laying out of control grids. 

202 Maintenance and/or 
Repair 

1. Maintenance of commonly 
used drafting instruments 
and tools 

203 Administrative and/or 
Clerical 

1. Methods and procedures for 
filing blueprints, drawings, 
tracings, and drafting data.. 



Qualifications 



C 



DM ;DM8 DMRDMI DM Li DMT 
1 



3 



DMM 
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APPENDIX III.— NATURAL SINES AND COSINES 
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APPENDIX IV.— Natural tangent* and cotangents— Con. 
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APPENDIX IV.— Natural tangents and cotangents— Con. 
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INDEX 



Advanced base drawings, 252, 253 
Advancement in rating, qualifica- 
tions for, 5, 544 
Aeronautical drafting, 199-239 
Air conditioning, 170, 173-177 

takeoff, 293 
Airplane structure, 206-212 
Alternating current, 244 
Alternators, 245 
Aluminum, 102 
Anatomy, 499-511 

Bill of material, 281 

Blueline plates, 451 

Board measure, table of, 282, 283 

Bolts, 227 

Borders and scales, 402-407 

Brass, 102 

Bronze, 102 

Brushes, 371 

Buildings 

heating and ventilating, 171— 
173 

small; heating and condition- 
ing, 173-177 
Bureau of Yards and Docks draw- 
ings, 250-253 

Cartoons, 512-515 
Casting, 109 
Catalogs, 7 

Chalk powder offset plates, 456 

Charts, 386-437 

Hydrographic Office, 380 
lettering, 379-383 
reproduction of, 440-448 
steps in making, 407-415 
symbols, 416 

Color, 515-528 



Compasses and dividers, 11-15 
Composition, layout, 472-478 
Computations, surveying, 328- 
336 

Concrete construction, 286-289 
Conditioning, air. See Air 
Contemporary type, 365 
Contour lines, 420-422, 426-428 
Conventions and standards, 199- 
206 

Cooling, mechanical, 197 
Copper, 101 

Copy; fitting, marking, keying, 

487-492 
Correction 

of existing negatives, 466-468 

of existing plates, 462-465 
Cross sections, 322-328 
Current tables, 345-352 
Curves, 70-89 

cycloidal, 70-85 

faired, 236 

Development, 138-168 
Dimensions, 205 
Dividers 

proportional, 22-24 

spacing, 25 
Drafting 

aeronautical, 199-239 

illustrative, 4 

lithographic, 4, 439-468 

machines, 18-22 

mechanical, 3 

standards, 6 

structural, 3 

topographic, 4 
Drawing(s) 

advanced base, 252, 253 



573 



Drawing(s) —Continued 
board covers, 28 
Bureau of Yards and Docks, 

250-253 
electrical and electronic, 241- 
249 

for structures, 250-253 
isometric, 33-42 
machine, 99 

parts, 121-137 
methods, special, 234-239 
pictorial, 30-54 
Ducts, ventilation, 185-189, 195 

Earth, measurements of, 388 
Electrical 

and electronic drawings, 241- 
249 

drafting, 3 

theory, 241-249 

work ; estimate, 293 
Electromagnetism, 243 
Electron tubes, 249 
Elevation and relief, 410-426 
Epicycloid, 83-85 
Equipment, 9-28 
Exhaust systems, 184 
Extruding, 111 

Faired curves, 236 
Field notes, survey, 298 
Forging, 111 
Form lines, 423 

Gears, 123-134 
Generators, 245 
Geographic coordinates, 387 
Gnomonic projection, 395-397 
Gothic or sans serif type, 365 
Graphs, 68-70 
Gum arabic process, 452 

Handbooks and catalogs, 7, 8 
Hardness tests, 103 
Heat treatment, 104-106 



Heating, 170-177 
and conditioning of small build- 
ings, 173-177 
and ventilating of buildings, 
171-173 
Helical springs, 134-137 
Helix, 89 

Hillwork, 423, 424 

Horizontal angles, measurement 

of, 302-308 
Hydrographic Office charts, 380 
Hydrography, 415-428 
Hypercycloid, 83-85 

Illustration, 470, 493-515 

composition and design, 493- 
499 
Illustrative 
drafting, 4 
lettering, 383^385 
Information, general, on rating. 

1-8 * 
Instruments, 9-28 
Intaglio printing, 439 
Interpolation, 92 
Intersections, 147 
Involute, 85-88 
Iron, 100 
Isometric 
drawings, 33-42 
sectional views, 40 
sketches, 47-49 
Italic type, 360, 363 

Joint Army-Navy (JAN) Stand- 
ards, 6 

Lambert conformal conic projec- 
tion, 397-399 

Layout, 470-492 

Letter 

forms, 372-379 
spacing, 383 

Lettering, 354-385 
materials, 366-372 
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[Letterpress printing, 439 
Xeveling, 308-316 
Line shading, 54 
Lithographic 

drafting, 4, 439-468 

transfers, 465 
Lithography or printing, offset, 

439, 440 
Logarithms, 90-92 

Machine 

drafting, 18-22 

drawings, 99 

parts, 99-137 

drawing of, 121-137 

shop work, 112-120 
Magenta plates, 457-461 
Magnetic declination, 304, 306 
Maps, 386-437 

construction of, 387-390 
Masonry, 289-291 
Materials, airplane, 212-234 
Mathematic, 56-97 
Mechanical 

cooling, 197 

drafting, 3 
Mercator projection, 390-395 

transverse, 430 
Metals, 99-106 

airplane, 212-218 

products; production of, 109- 
120 

Military grid, 428-437 

reference system, 433-437 
Military (MIL) Standards, 6 
Motors, 245, 246 

Multi-view orthographic projec- 
tion, 30-33 

Navy stock number, 252 
Negatives 

existing; correction of, 46&-468 

retouching, 444 
Nickel, 102 

Nonferrous metals, 101-103 



Normal, 85 
Nuts, aircraft, 229 

Oblique 

drawings, 42-47 
sketches, 49 
Offset 

lithography or printing, 439, 440 

press, 447, 448 
plates, chalk powder, 456 
Ohm's law, 242 

Paper and ink, 372 

Parallel development, 141-154 

Pencils, 367, 480 

Pens, 368-371 

Perspective sketches, 49 

Pictorial 

drawings, 30-54 

sketching, 47-50 
Plane geometry, 58-61 
Plastics, 106-109 
Plates 

blueline, 451 

chalk powder offset, 456 

existing; correction of, 462-465 

magenta, 457-461 
Plotting surveys, 32&-336 

chart, 415, 416 
Plumbing, 292 

lines, 231-234 
Polyconic projection, 399-402 
Press, offset, 447-448 
Printing 

letterpress, 439 

methods, 439 

or lithography. See Offset 
Profiles and cross sections, 320- 

328 
Project ion (s) 

map, 389, 390 

Mercator, 390-395, 430 

multi-view orthographic, 30-33 

polyconic, 39&-402 
Proportional dividers, 22-24 
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Radial development, 156-163 
Rectangular coordinate*, 331, 332 
Requirements of job, 2 
Riveting and spot-welding, 220- 

227 
Rolling, 110 
Roman type, 360, 363 
Roofing, 292 

Ruling pen, sharpening, 15-18 

Scale (s) 

and borders, 402-407 

and format, 200 
Screws, aircraft, 230 
Script or cursive type, 365 
Shading, 51-54, 452, 453 
Shipboard ventilation, 177-197 
Sines and cosines, natural, 552 
Slide rule, 25, 26, 93-97 
Soundings and fathom curves, 

417-419 
Spacing dividers, 25 
Special drawing methods, 234-239 
Specifications for structures, 253- 

280 
Spiral, 87, 88 

Spot-welding and riveting, 220- 
227 

Springs, helical, 134-137 
Stadia measurements, 301, 302 
Standards 

and conventions, 199-206 

drafting, 6 
Steel, 100 

construction, 281, 284 
Stock number, Navy, 252 
Structural drafting, 3 
Supply ventilation system, 182- 

184 

Surfaces, development of, 138-168 
Surveying, 296-320 

basic field procedures, 299 

plane table, 318 
Symbols, chart, 416 



Tables, tide and current, 336-352 
Takeoffs 

air conditioning, 293 

and bill of material, 281, 284- 
287 

heating, 293 

in ventilation, 189, 190 
Tangents and cotangents, natural. 
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Tees, 189, 190 
Templates, 26-28, 238 
Text type, 360 
Tide tables, 336-345 
Tin, 102 
Tint 

masks, 453-456 

plates, 450-453 
Tone shading, 54 
Topographic drafting, 4 
Topography and hydrography, 

415-428 
Transformers, 247, 248 
Transverse Mercator projection, 

430 

Traversing, 317 
Triangulation, 163-168 
Trigonometry, 61-68 
Type 

faces, 357-366 

layout, 483-487 

stick-up, 382 

Ventilation, 170-173, 177-195 

takeoffs, 189, 190 
Venturi tubes and armor gratings, 

192 

Views and projections, 201 
Wood construction, 284-286 

Yards and Docks, Bureau of; 
drawings, 250-253 

Zinc, 101 

plates, 444-447 

original; finishing, 448-450 
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